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Field of the Invention 



The present invention relates^ generally to disk drives and in particular to r e ad/wr i t e 
* preamplifiers for disk drives. 



Data storage deyicesystems such as disk drives are ustU+zed for data storage and 
retrieval in a variety of applications. A typ i ca l disk drive includes a disk for storing 
information, a transducer (read/write) head for reading data from and writing data to the disk, 
a_spindle motor for rotating the a dat a disk, , and an actuator for moving a head carrier that 
20 supports the transducer head and an actuator for moving the head carrier and the 

transducer head transduc e r (r e ad/writ e ) h e ads rad i a ll y across th e d i sk to writ e data to or 
r e ad data from conc e ntric data tracks on th e d i sk . The disk drive may Many disk dr i v e s 
include multiple a p l ura li ty of disks separated by spacer rings and stacked on a hub attached 
to the spindle motor, multiple transducer a p l ura li ty of r e ad/wr i t e heads T and multiple a 
25 p l ura li ty of head carriers that - each head carr ie r supportmg at least one transducer 



interleaved data sectors. To access a data sector sogment starting on a track , i n a s ee k 
op e rat i on the transducer head is moved radially across the tracks in a seek operation to the 
destination th e d e s i r e d track that contains w hefe-the data se ctor, and then gm e nt starts. 
30 Thereaft e r, J he rotation pf th e disk rotates the data sector gm e nt on th e track under the 
transducer head for writ i ng data to or reading data from or writing data to the data 
secto rr e from . 
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-head. -The disk includes concentric tracks that each include servo sectors and 
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The disk drive further includes a preamplifier ol octrica l ly connected to the transducer 
heads. JT Dur i ng op e rat i on of tho d i sk dr i vo, t he preamplifier provides two mutually exclusive 
funct i ona l data transfer modes: a read mode in which data recorded on the disk is sensed by 
5 the transducer head and transmitted to the preamplifier for amplification in a read operation, 
and a write mode in which , wh e r e in data is-transmitted to the preamplifier is y i a a wr i to data 
i nput and i s subs e qu e nt l y recorded on te-the data disk by the transducer head in a write 
operation v i a a hoad; and r e ad mod e , wh e r e in magn e t i c s i gna l s s e ns e d by a h e ad 
subs e qu e nt l y undergo signa l proc e ss i ng w i th i n th e pr e amp l if i er befor e output from th e 
10 pr e amp li fi e r . 

T Bocauso th e r e ad and writ e funct i ons ar e mutua l ly oxc l us i v e , he _conv e nt i onal disk 
drives has suff e r from timing constraints which limit performance th e d i sk dr i v e s signa l 
hand li ng. Th e s e li mitations d i r e ct l y e ff e ct s e v e ra l functions due to the read and write 

15 operations being mutually exclusive (not overlapping or simultaneous) and proc e ss e s 

common to most disk driv e d e v i c e s . For example, the mutua l ly e xc l us i v e pr e amp li f ie r do e s 
not a ll ow th e disk drive cannot te ^d ) p e rform self-servo writeif*§ w i th an abso l ut e t i m i ng and 
position r e f e r e nc e by reading a reference pattern from one disk surface while writing a-servo 
patterns to another disk surface, (2) reprocess (erase) a previously written d a t a disk by 

20 reading from one disk surface while writing an erase pattern to another disk surface w ithout 
th e n ee d for an external positioning device or ajime consuming algorithm s, by r e ading on 
on e h e ad wh il e writ i ng an e ras e patt e rn on on e mor e h e ads at th e sam e tim e, (3) p e rform 
e ffic ie nt t e sts for h i gh d e ns i ty data d i sks to reduce test time by reading from one disk surface 
while writing to another disk surfaced ata, (4) increase read accuracy by reading head 

25 position information from one disk surface while writing to another disk surface, or (54) 

increase data-write accuracy by reading from one disk surface e ff e ct i v el y ad j usting for h e ad 
pos i tion i ng e rrors du e to disk f l apping mod e s that caus e unwant e d d i sturbanc e s while writing 
to another disk surface , (5) i ncr e ase data r e ad accuracy and e ff i ciency by r e ad i ng h e ad 
pos i tion i nformat i on and track c e nt e r i ng on on e h e ad w hi l e w ri ting w i th anoth e r h e ad on 

30 anoth e r surfac e , e tc . 

I n s e rvo writing, s e rvo patt e rns ar e typ i ca l ly writt e n w i th uniform angular spacing of 
s e rvo s e ctors and i nt e r le aved data s e ctors or b l ocks. An e xamplo sorvo patt e rn i nclud e s 
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c i rcumforent i a ll y sequ e ntia l , rad i a ll y stagg e r e d s i ngl e or mu l t i p le fr e qu e ncy bursts. J he 
sServo patterns in the servo sectors provide th e disk dr i v e w i th head position information to 
enable the actuato r, such as a rotary voice co il posit i oner, to move the transducer head from 
the starting tracks to the destination tracks during a jandom access track seeking ftrack-to- 
5 track) operation s, and to . Furth e r th e s e rvo patt e rns prov i d e th e d i sk dr i ve w i th h e ad 
posit i on i nformat i on to e nabl e th e actuator to pos i tion and maintain the transducer head in 
proper alignment with the a track centerline of the destination track while data is read from or 
written to the destination track during a track r following (on-track) operation s whon us e r data 
i s wr i tt e n to or r e ad from th e avai l ab le data b l ock s torag e ar e as i n conc e ntr i c data tracks on 
10 th e d i sk surfac e. The servo patterns typically have uniform angular spacing and include 
circumferentiallv seouential, radially staggered single or multiple freguencv bursts. 



The Conv e nt i ona ll y servo patterns can be a fe-written i nto th e s e rvo s e ctors of e ach 
disk-using a servo write r at a po i nt i n th e dr i v e ass e mb l y proc e ss b e for e th e hard disk un i t i s 

15 s e a le d aga i nst part i cu l at e contamination from th e amb ie nt.. . The A-servo writer is a complex 
and expensive machine manufactur i ng un i t typically stabilized on a large granite base to 
minimize unwanted vibration and employ ing o .g. laser interferometry for precise position 
measurements.. The servo writer typically requires direct mechanical access to the head 
carriera ffflr and includes a fixed head for writing a clock track onto a- disk surface. The 

20 servo writer writes the servo patterns before the disk drive is sealed against particulate 
contamination. 

B e caus e of th e n ee d for d i r e ct acc e ss to th e i nt e r i or of th e hard d i sk ass e mb l y of 
e ach disk dr i v e un i t, Tthe servo writer is typically located within a clean room where the air is 

25 purged of impurities that might otherwise interfere with op e rat i on i nc l ud i ng the servo writing 
proc e ss or in-normal disk drive operation y saqe-after manufacturing— ^Further, sueh 
conv e nt i ona l servo.-writing by the servo writer is m e thods ar e very time consuming. Jn one 
example, a disk drive having two disks with four disk data storag e surfaces can require three 
servo.-writer.-controlled passes of the transducer head over a single track dur i ng s e rvo 

30 wr i ting , consuming a total servo writing time as long as 18.2 minutes. S Thus, s ervo writing 
using servo writers in clean rooms requires both considerable capital investment i n th e 
manufacturing proc e ss and severe time penalties i n th e manufactur i ng proc e ss attributable 
to servo writer bottlenecks. Further, as track densities increase with evolving hard disk drive 
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designs, servo writers b e com e obso le t e , and have to be replaced 7 or upgraded T at 
considerable capital expense. 

The servo patterns can also be written using self-servo writing. A reference pattern 
5 To so l ve th e abov e prob l omc, another convent i ona l method i s d i r e ct e d to sorvo wr i t i ng a 
master patt e rn at full resolution is magnetically printed on aone disk surface of a reference 
mast e r disk dwnq- bv a magnetic printing station during a pre-assembly operation. Thep^ 
reference a mast e r disk with the reference m aste^pattern is then assembled with oth e r blank 
disks into the a-disk drive-wit. After the disk drive tmiWs sealed against tho amb i ont , the 

10 disk drive uses the reference mast e r s e rvo pattern to _of th e mast e r d i sk is us e d as a 
r e f e r e nc e by th e d i sk un i t i n self- servo writeiro embedded seGtei^servo patterns on each 
disk data-surface within the disk drive onclos e d unit . Thereafter, Fina ll y, the reference master 
pattern is erased, leaving the disk drive tmit-with properly located e mb e dd e d servo s e ctor 
patterns on every disk surface, including the disk surface which or i g i na ll y included the 

15 reference mast e r pattern. _However, such a m e thod had s e v e ra l disadvantages of this 
approach includes (1 ) the self- servo -writemg time-is very -time consuming teag. (2) c e rtain 
repeatable runout i nformat i on must be removed during the self-servo write operat i on ^ (3) 
the magnetic printing station is a numb e r of expensive, s e rvo wr i t e rs ar e sti l l r e qu i r e d to 
wr i t e th e mast e r p a tt e rns on th e mast e r disks; and (4) the reference disk has and-no 

20 absolute reference and from th e r e f e r e nce d i sk i s ava i lab le dur i ng s e rvo writ e s to a b l ank 
disk-since read and write operations are mutually exclusive^ and poss i b le defects in the 
reference disk pr i nt e d m e d i a can exacerbate the problerrveter. 

There is, therefore, a need for a data storage device, such as a disk drive, with 
25 simultaneous read and write capability. There is also a need for a-self-servo write m e thod 
with ut i liz i ng simultaneous read and write operations to al le v i ate tho abov e probl e ms, and 
prov i d e a m e ans to cost effectively enhance data storage device manufacturing and 
performance. 

30 Brief-Summary of the Invention 

The present invention a lle v i at e s the afor e mont i on e d shortcom i ngs. I n on e 
ombod i m e nt, tho pres e nt inv e ntion provides a data transfer driver compr i sing a pr e amp l if ie r 
for a data storage device. The data transfer driver includes a preamplifier, and the data 
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storage device d i sk driv e includesiftg a_recording media having one or more recording 
surfaces, and one or more data-transducer heads positionable relative to the recording 
surfaces by a h e ad pos i t i o n actuator structure operating within a head position servo loop. 
The preamplifier includes compr i s e s: a contro l i nt e rfac e for r e c ei v i ng pr e amp li fi e r 
5 conf i guration i nformation to so l oct i vo l y transfer data to and from rocord i ng surfaces; one or 
more head interfaces, each head interface ele ctr i ca ll y connected to a transducer head for 
controlling the transducer head for data read and/or write operations^f-and a mode controller 
ele ctrica l ly connected to th e contro l i nt e rfac e and to each head interface T for controlling the 
operation of each head interface basod on th e configurat i on i nformat i on for selectively 
10 reading from at least one recording surface via at least one transducer head while writing 
data to at least one recording surface via at least one transducer head. 

The preamplifier receives configuration information to selectively transfer data to and 
from recording surfaces such that the mode controller controls the operation of each head 
15 interface based on the configuration information. 

The configuration information includes (1) a read mode in which the mode controller 
controls the operation of the head interfaces for selectively reading data via at least one 
transducer head, (2) a write mode in which the mode controller controls the operation of the 

20 head interfaces for selectively writing data via at least one transducer head, (3) a servo write 
mode in which the mode controller controls the operation of the head interfaces for 
selectively writing data via multiple transducer heads, and (4) a read-while-write (RWW) 
mode in which the mode controller controls the operation of the head interfaces for 
selectively reading data from at least one recording surface via at least one transducer head 

25 while writing data to at least one recording surface via at least one transducer head. 

The configuration information can be set, for instance, to the RWW mode for 
selectively reading data from at least one recording surface via at least one transducer head 
while simultaneously writing data to multiple recording surfaces via multiple transducer 
30 heads. 

The configuration information can also be set, for instance, to the servo write mode 
and the RWW mode for selectively reading data from at least one recording surface via at 
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least one transducer head while writing servo patterns to at least one recording surface via 
at least one transducer head. 

T Furthor, tho proamplifior can bo usod for separate l y wr i ting data to at l oast ono 

5 r e cord i ng surfac e and/or r e ad i ng data from at le ast on e r e cord i ng surfac e . 

I n anoth e r asp e ct, t he present invention also provides disk drive a m e thod for self-servo 
writing a disk driv e by first-transferring a serve-reference pattern to a r e cording surfac e of a 
reference disk. T . wh e r ei n t he reference pattern includes (1) a compr i s e s servo clock that 

10 provides i nformat i on prov i d i ng transducer head circumferential relative position information^ 
and (2) servo position information that provides prov i d i ng transducer head radial relative 
position information. The reaft e r, th e d i sk dr i v e i s ass e mb le d by i nsta ll ing th e reference disk 
and one or more data disks are installed into i nto th e d i sk dr i v e and e nc l os i ng the disks and 
data transduc e rs w i thin a disk drive housing . Then, during F e^self-servo writeifufr-, the 

15 reference pattern is read from the reference disk via a transducer head T and us i ng the read 
servo clock and the servo position information are used to position and maintain - one or 
more transducer heads ar e pos i tion e d and ma i ntain e d at concentric track l ocat i on s onef one 
or more data d i sk recording surfaces to simultaneously write d i sk dr i v e servo patterns onto 
the recording surfaces. Advantageously, rather than 

20 

Conv e nt i onal l y, readif^g the a -reference pattern from the reference disk f rom th e disk surfac e 
via a transducer r ead-head is-sequentially followed by switching to other transducer heads to 
write the servo a s e rvo patterns on the data disks, as is conventional w h e r ei n th e r e ad and 
wr i t e op e rations ar e mutua ll y e xc l usiv e , the reference pattern is read via one transducer 

25 head to simultaneously clock out the servo patterns via the other transducer heads ( i . e ., not 
ov e rlapping or s i multaneous) . T herefore, h e conv e nt i ona l s e lf - s e rvo writ e proc e ss sw i tch e s 
betwe e n reading and wr i t i ng unt i l th e e nt i r e s e rvo patt e rn is wr i tt e n out on a d i sk. How e v e r, 
accord i ng to th e pr e s e nt i nv e nt i on there is no need to switclvout ef-the reference pattern to 
write the servo patterns on data d i sks . Th e r e f e r e nc e i nformat i on ( e .g., t i ming and pos i tion 

30 i nformat i on) obtain e d from th e r e f e r e nc e d i sk v i a on e h e ad i s us e d to s i multan e ous l y c l ock 
out s e rvo patt e rns to othor data d i sks on oth e r h e ads. 

Brief Description of the Drawings 
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These and other features, aspects and advantages of the present invention will 
become understood with reference to the following description, appended claims and 
accompanying figures where: 

FIG. 1 shows a b l ock diagram of th e arch i t e ctur e of an e mbod i m e nt of a computer 
5 system that includes a disk drive i ncluding a d i sk storag e system accord i ng to an asp e ct of 
th e pres e nt i nv e ntion ; 

FIG. 22 shows a drive controller of the disk drive n e xamp le b l ock d i agram of th e 
arch i t e ctur e of an e mbod i ment of th e driv e ele ctron i cs of d i sk dr i v e of FIG. 1 accord i ng to th e 
pr e s e nt i nv e ntion ; 
10 FIG. 3 shows a head disk assembly of the disk drive; 

FIGS. 4A-4B 3 shows the drive controller and the head disk assembly in a-more 
detaile d b l ock d i agram of th e dr i v e ele ctron i cs of F I G. 2 ; 

FIGS. 5A-5B 4 shows a n e xamp le b l ock d i agram of an e mbod i m e nt of a preamplifier 
of the head disk assembl v c i rcu i t of F I G. 3 showing e xamp le r e ad h e ad and writ e h e ad 
15 s ele ct i on c i rcuitry accord i ng to th e pr e s e nt inv e nt i on ; 

F I G. 5 shows an e xampl e b l ock diagram of anoth e r e mbodim e nt of th e pr e amp l ifi e r 
circu i t of F I G. 3 showing e xamp le r e ad h e ad and wr i t e h e ad s ele ction c i rcuitry accord i ng to 
th e pr e s e nt i nv e nt i on; 

FIG. 6 shows a high l y diagrammat i c r e pr e s e ntation of an e mbodim e nt of a magnetic 
20 printing station that prints a reference pattern on a reference disk for pr i nt i ng a r e f e r e nc e 
* v d i sk storag e surfac e w i th a s e rvo referenc e patt e rn ; 
FIG. 7 shows the reference pattern; 
FIG. 8 shows the reference pattern in more detail; 

FIG. 97 shows the disk drive with the reference pattern in a self-scan station before 
25 self-servo write a d i agrammatic r e pr e s e ntation of an e mbod i m e nt of a disk dr i vo i nc l ud i ng a 
disk with a s e rvo ref e r e nc e patt e rn accord i ng to th e pr e s e nt i nv e nt i on ;^d 

FIG. 108 shows an e xamp le funct i ona l d i agram of the disk drive performing self-servo 
writei ng according to an asp e ct of th e pr e s e nt inv e nt i on ; 

FIG. 1 1 shows a head position servo loop of the disk drive; 
30 FIG. 12 shows the disk drive generating servo patterns for self-servo write; 

FIG. 13 shows a flow diagram for self-servo write; 

FIGS. 149A-14B shows a n e xamp le flow chart for i agram of self-servo writeing 
accord i ng to tho pres e nt inv e ntion; 
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FIG. 10A shows an e xampl e roforonc e patt e rn accord i ng to th e pr e s e nt i nv e nt i on; 
F I G. 10B shows an oxamplo f l ow diagram of h e ad posit i on contro l whil e s el f - s e rvo 
wr i ting us i ng the ref e r e nce patt e rn of FIG. 1 0A - 
FIG. 10C shows a details of a port i on of tho roforonco pattern of FIG. 10A; 
FIG. 1 1 shows an e xamp l e d i agram for g e nerat i ng a f i nal servo patterns accord i ng to 
th e pr e s e nt i nv e ntion; 

FIG. 12 shows an examp le f l ow diagram for wr i ting f i na l s e rvo patterns accord i ng to 
th e pres e nt i nv e ntion ; and 

FIG. 1 53 shows a n e xampl e flow diagram foref self- reprocessing faulty servo 
patterns according to th e pres e nt i nv e ntion . 

To facilitate understanding, identical reference numerals have been used, at times 
with suffixes A. B. and so on wh e r e poss i b le, to designate structurally/functionally identical or 
similar elements that are common throughout the figures. 

Description of the Invention 

R e f e rr i ng to FIG. 1 shows a , an e xamp le computer system 10 that i s shown to 
i nc l ud e a disk storag e un i t accord i ng to th e pr e s e nt inv e nt i on. Th e comput e r syst e m 10 
includes a central processing unit ("CPU") 124, a main memory 146, and I/O bus adapter 16, 
8, a l l interconn e ct e d by a system bus 1820 ^. Coup l ed to tho I /O bus adaptor 18 i s an I/O 
bus 20 2, a peripheral device 22 and a disk drive 24. The CPU 12, the main memory 14 and 
the I/O bus adapter 16 are connected by the system bus 18, and the I/O bus adapter 16 is 
connected to the peripheral device 22 and the disk drive 24 by the I/O bus 20 (such as - that 
can compris e e .g. a sma ll comput e r syst e m int e rconn e ct ( SCSI) bus). , and wh i ch supports 
25 var i ous p e r i ph e ra l d e v i c e s 2A i ncluding a d i sk storag e unit such as a d i sk dr i v e 25. The disk 
drive 24§ includes a_drive controller contro ll er ele ctron i cs 26 and a head disk assembly 28 
(^HDA^)_28. 

As shown i n F I G . 7, in ono ombod i mont, tho HDA 28 i nc l udos data disks 29 rotated 
30 by a sp i nd le motor 23, and transduc e r heads 27 moved radial l y across tho data disks 29 by 
ono or mor e actuators 37 for writing data to and r e ad i ng data from tho data disks 29. 

R e f e rr i ng to FIGS. 22- 3 shows . i n one e mbodim e nt, the drive controller 26 in more 
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detail. The drive controller 26 electronics 26 of FIG. 1 includes a data controller 30 . a servo 
controller 32. a read/write channel 34, a bus 36 and a data buffer bus 38. The data 
controller 30 is - iffef connected to the a servo controller 3234 bv the v ia^a-bus 3634, and the 
data controller 30 is a road/wr i te chann ol 32 i ntor connected to the channel 34 bv the d ata 
5 contro llo r 30 via a data buffer bus 3833. The data controller 30 is also connected to the I/O 
bus 20. and the servo controller 32 and the channel 34 are Tho road/write chann e l 32 and 
th e s e rvo contro l l e r ar e connected to a r e ad the HDA 28 , and sp e c i f i cal l y, i n ono v e rsion, to 
a data transf e r dr i v e r compr i s i ng a pr e amp li fi e r/h e ad - s e l e ct/wr i t e dr i ver circuit 1 1 
(preampl i fier/circuit 1 1) i n tho HDA 28 . The drive controller 26 also includes a printed circuit 
10 board (not shown) that carries large scale integrated circuits and other components. 

FIG. 3 shows the HDA 28 in more detail. The HDA 28 includes the disks 40, the 
transducer heads 42, the carrier arms 44, the hub 46, the spindle motor 48 and the actuator 
50. The disks 40 are mounted on the hub 46 and rotated bv the spindle motor 48. The 
15 transducer heads 42 are supported bv the carrier arms 44 and moved radially across the 
disks 40 bv the actuator 50 (such as a voice coil motor). The disks 40 include the disk 
surfaces 52, and the transducer heads 42 read from and write to the corresponding disk 
surfaces 52. 

20 During a typical read operation, the CPU 12 reguests data from the disk drive 24, and 

the data is transferred On e funct i on of th e pr e amp li fi e r/wr i t e driv e r 11 i s to pr e amp li fy th e 
ele ctrical signa l s transduced from th e r e cord e d flux trans i tions on th e surfac e s 98 of th e 
disks 29 during r e ad i ng v i a heads 27, and to ampl i fy th e driv i ng curr e nt for wr i ting data to th e 
surfac e s 98 of th e d i sks 29 dur i ng data wr i ting op e rat i ons v i a h e ads 27. Furth e r, th e c i rcu i t 

25 1 1 s ele cts th e transduc e r h e ad(s) 27 for r e ad/wr i ting data as d e scr i b e d furth e r b el ow. 

Atypical data wr i t e op e ration in i tiat e d by th e CPU 14 (F I G. 1) to th e d i sk dr i v e 25 may 
invo l v e , for e xamp le , a direct m e mory acc e ss ("DMA") transf e r of d i g i tal data from th e 
memory 16 onto th e system bus 20. Data from th e syst e m bus 20 is transf e rred by th e I /O 
30 adaptor 1 8 onto tho I /O bus 22. The data is road from the I/O bus 22 by tho data contro lle r 
30, which formats tho data i nto data s e gm e nts w i th th e appropr i at e h e ad e r i nformation and 
transf e rs th e data to th e road/wr i t e chann el 32. Th e r e ad/wr i t e chann el 32 op e rat e s i n a 
conv e ntiona l mann e r to conv e rt data b e tw ee n th e dig i ta l form used by th e data contro l l e r 30 
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and th e ana l og form su i tab le for writing to data d i sks by transduc e rs 27 i n th e HDA 28 
s ele ct e d by th e pr e ampl i f ie r c i rcu i t 1 1 . 

For a, typ i ca l r e ad r e qu e st to transfer data s e gments from the disk 40 HDA 28 to the 
5 CPU 124. "Mhe data controller 30 provides a disk-track l ocation where the data is stored to 
the servo controller 324 wh e r e th e r e qu e sted data s e gm e nts aro stor e d . J In a s ee k 
op e ration, t he servo controller 324 provides control signals to the HDA 28 tg_fef-commandif»§ 
theaft actuator 5037 to position thea transducer head 42 2 7-over the track where the data is 
stored in a seek operation sa i d d i sk track for r e ad i ng th e r e qu e st e d data s e gments th e r e from . 

10 The transducer head 42 reads the data from the disk 40 and generates an analog read 
signal Data r e ad from th e transduc e r 27 i s proamp l if ie d in the preamp li f ie r 1 1 , af*d-the 
r e ad/wr i t e channel 342 converts the read signal ana l og data signa l s from th e pr e amp li fi e r 1 1 
into digital data , the data controller 30 transfers the data to and transf e rs th e data to th e 
data contro lle r 30. Th e data contro lle r 30 p l ac e s th e d i g i ta l d a t a on the I/O bus 202, arid 

1 5 wh e r ei n the I/O bus adapter 1 68 route r e ads th e data from th e I /O bus 22 and transf e r s the 
data from the I/O bus 20 to the main memory 146 via the system bus 1820 for access by the 
CPU 124. 

The transducer head 42 also reads servo patterns from the disk 40 and generates an 
20 analog read signal, the channel 34 converts the read signal into head position information, 
and the servo controller 32 I n on e e xamp le , th e surfac e s 9 8 of data disks 29 inc l ud e h e ad 
posit i on i ng s e rvo patt e rns, wh e r e in for s e rvo op e rat i ons, h e ad pos i t i on i ng i nformat i on from 
data disks 29 ar e induc e d into th e transduc e rs 27, conv e rt e d from analog s i gna l s to digita l 
data i n th e r e ad/wr i t e chann el 32, and transf e rr e d to th e s e rvo controll e r 34, wh e r e in th e 
25 s e rvo contro l ler 34 utiliz e s uses the head positioning information for for p e rform i ng seek and 
track -following m g-operations of th e transducors 27 over tracks on d i sks 29. I n anoth e r 
examp le d e scrib e d furth e r b el ow (F I G. 7), th e d i sks 29 do not i nclud e s e rvo patt e rns, and 
tho d i sk dr i v e 25 includ e s a r e f e r e nc e disk 76 hav i ng r e f e r e nc e patt e rns th e reon which ar e 
ut il iz e d i n a s el f s e rvo wr i ting proc e ss accord i ng to an asp e ct of the pr e s e nt i nv e nt i on to 
30 wr i te s e rvo patt e rns on th e d i sks 29 . 

During a typical write operation, the CPU 12 requests that data be stored in the disk 
drive 24, and the data is transferred from the CPU 12 to the disk 40. For example, with 

10 
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direct memory access (DMA), the I/O bus adapter 16 routes the data from the main memory 
14 to the data controller 30 via the buses 18 and 20. The data controller 30 formats the data 
into blocks with appropriate headers, the channel 34 converts the data into analog form 
suitable for writing, and the transducer head 42 writes the data to the disk 40. 

5 

FIGS. 4A-4B show the drive controller 26 and the HDA 28 in more detail. 

The drive controller 26 includes a power circuit 54. The servo controller 32 includes a 
multiplexer 56. a pattern generator 58. a clock multiplier (state machine) and phase locked 

10 loop (PLL) 60. a read only memory (ROM) 62. the registers 64. a servo processor 66. a 
servo control interface 68. a read/write interface 70 and a serial interface 72. The channel 
34 includes an automatic gain control (AGO/filter 74. a pulse detector 76. a partial response 
maximum likelihood (PRML) circuit 78. a servo demodulator and analog-to-digital converter 
(ADC) 80 and a signal controller 82. The power circuit 54 includes a digital-to-analog 

15 converter (DAC) 84 and a driver 86. 

The HDA 28 includes a preamplifier 88 that amplifies the read signal sent from the 
transducer heads 42 during a read operation and amplifies the write current sent to the 
transducer heads 42 during a write operation. The preamplifier 88 also selects the 
20 transducer heads 42 for the read and write operations based on configuration information 
sent from the drive controller 26. The configuration information includes head selection and 
data transfer mode information that selectively configures the preamplifier 88 for 
independent control of the transducer heads 42. 

25 The p FIG. 3 shows an e xampl e b l ock d i agram of an e mbod i m e nt of tho circu i t 1 1 . I n 

th i s e mbod reamplifier 88 imont t th e c i rcu i t 1 1 includes a t le ast on e mode controller 90 that 
receives and maintains the configuration information. The mode controller 90 includes an 
Gontrot -interface i nt e rfac e register 92. a read select register 94. a write select register 96 and 
a mode register 98. The registers 92. 94 and 96 are serial registers. The mode controller 

30 90 receives the configuration information as an external state signal such as a serial word 
compr i s i ng e .g. r e g i sters 36 for r e c ei v i ng and maintaining i nformation ( e .g., configuration 
i nformat i on) transm i tted to the c i rcu i t 11 from an e xt e rna l sourc e such as . the data controller 
30, the servo controller 32 and/or the channel 34 2 and/or tho sorvo contro l ler 34 .^Fhe 
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conf i guration i nformation i s us e d to s ele ct i v el y configur e the op e rat i on of tho c i rcu i t 11, 
i nc l ud i ng head s ele ction and data transf e r op e ration mod e s (e.g., via mod e contro l b i ts) 
d e scr i b e d b el ow. I n one e xamp le , th e conf i gurat i on i nformation i nc l ud e s mod e s ele ct 
i nformat i on such as e .g. data transf e r and h e ad s e l e ct control s i gna l s. 

5 

The preamplifier 88 also e xamp le c i rcu i t 1 1 furth e r includes a read multiplexer 100 
and a write multiplexer 102. The read multiplexer 100 includes h e ad i nt e rfac e s compr i s i ng at 
le ast thea read circuits 104, and the write multiplexer 102 includes the 38 and at le ast a write 

1 0 circuits 1064 0. The read circuits 104 each include a tri-state differential receiver and buffer, 
and the write circuits 106 each include a tri-state differential driver and buffer. The read 
circuits 104 and the write circuits 106 can also provide additional signal processing. The 
read circuits 104 and the write circuits 106 are arranged in pairs such that one read circuit 
104 and one write circuit 106 are connected to a single transducer head 42. In this manner 

15 each read circuit 104 and write circuit 106 pair provides a head interface 108 that controls a 
corresponding transducer head 42 for read and/or write operations. Alternatively, the read 
multiplexer 100 can include one read circuit 104 that is connected to a selected one of the 
transducer heads 42 by a multiplexer, and the write multiplexer 102 can include one write 
circuit 106 that is . wh e r ei n i n on e e mbod i m e nt of th e c i rcu i t 1 1 th e r e ad circu i t 38 can b e 

20 connected to a selected one of the transducer multip le heads 4227 by a multiplexe r funct i on, 
and s i m i lar l y th e wr i t e c i rcu i t 40 can b e conn e ct e d to a s ele ct e d on e of mu l tip le h e ads 27 by 
a mu l t i p le x e r funct i on. In oth e r e xampl e v e rs i ons of th e c i rcu i t 1 1 shown i n FIGS. 4- 5, and 
d e scr i b e d b el ow, th e c i rcu i t 1 1 i nc l ud e s a r e ad c i rcuit 38 and a wr i t e c i rcuit 40 for e ach 
transduc e r h e ad 27, to writ e data and r e ad data, r e spect i v el y r. 

25 

Th e c i rcu i t 1 1 furth e r inc l ud e s a mode contro l A\ ( e .g., r e gist e r or mu l t i p le x e r) to 
prov i d e contro l signa l s to th e r e ad and wr i t e circu i ts 38, 40 bas e d on data transf e r mod e 
s e l e ct i nformat i on prov i d e d by th e control le r 3 4 to th e r e gist e r 36 of th e c i rcuit 1 1 for 
se l ecting on e or mor e h e ads 27 for r e ad/writ e op e rations v i a th e r e ad and writ e circu i ts 38, 
30 4 0, r e sp e ct i v el y. Furth e r, th e mod e contro ll er 4 1 e m i ts contro l s i gna l s to e .g. r e ad and wr i t e 
cr i cuits 38, AO and h e ads 27 to ascertain th ei r i ndiv i dua l operat i ng mod e s at any g i v e n t i m e . 

The transducer heads 42 each include an MR reader 1 10 and a writer 112. 
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The interface register 92 input is connected to the clock/data line 114, and the mode 
controller 90 input is connected to the read/write (R/W) select line 116. The read multiplexer 
100 head select input is connected to the read select register 94 by the read head select line 
5 118, and the read multiplexer 100 enable input is connected to the mode register 98 bv the 
read enable line 120. Likewise, the write multiplexer 102 head select input is connected to 
the write select register 96 bv the write head select line 122, and the write multiplexer 102 
enable input is connected to the mode register 98 bv the write enable line 124. to-ene 
e xamp le e mbodim e nt, e ach r e ad c i rcu i t 38 compr i s e s a tr i- stat e diff e r e nt i a l r e c ei ver and 
10 buff e r, and e ach wr i t e circu i t 40 compr i s e s a tri - stat e d i ff e r e nt i a l dr i v e r and buffer. The 

reader circuit 104 input is connected to the corresponding MR reader 1 10 bv the read data 
lines 126, and the reader circuit 104 output is connected to the differential read data lines 
128 which are inverted with respect to each other to improve noise immunity. Likewise, the 
writer circuit 106 input is connected to the differential write data lines 130 which are inverted 
15 with respect to each other to improve noise immunity, and the writer circuit 106 output is 
connected to the corresponding writer 112 bv the write data lines 132. Data to b e wr i tt e n i s 
prov i d e d to e ach wr i t e circu i t 40 a l ong data li n e s 42. Pr e f e rab l y, a pair of li n e s 42 provid e 
data to e ach wr i t e c i rcu i t 4 0, wh e r ei n both li n e s 4 2 carry th e sam e signa l, but e ach l in e 4 2 i s 
i nv e rt e d with r e gard to th e oth e r to prov i d e nois e i mmun i ty. In on e v e rs i on, e ach h e ad 27 
includ e s a r e ad e r ele m e nt and a wr i t e r ele m e nt, e ach wr i t e r ele m e nt conn e ct e d to output of 
a r e sp e ctiv e writ e circuit 40 via li n e s/nod e s 44. Sim i larly, for e ach r e ad circu i t 38, a pa i r of 
r e ad data li n e s 4 6 prov i d e data signa l r e ad from th e h e ads 27, wh e r e in e ach li n e 46 i s 
i nv e rt e d w i th r e sp e ct to th e oth e r l i n e 4 6 to prov i d e no i s e i mmun i ty. Th e input of e ach r e ad 
c i rcuit 38 i s conn e ct e d to a r e ad e r ele m e nt of a r e sp e ct i v e h e ad 27 v i a lin e s/nod e s 48. 

The drive controller 26 sends the configuration information to the mode controller 90 
using the clock/data line 114 and/or the R/W select line 116. The lines 114 and 116 are 
serial lines, and the R/W select line 116 toggles a R/W signal between read (high) and write 
(low). The configuration information received bv the mode controller 90 sets selection bits in 
30 the read select register 94 and the write select register 96 to designate the selected read 
circuits 104 and write circuits 106, respectively. The mode register 98 accesses the read 
select register 94 and the write select register 96 to selectively enable and disable the read 
circuits 104 and the write circuits 106 based on the configuration information. 

13 
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The mode controller 90 selects one or more of the transducer heads 42 for read/write 
operations via the head interfaces 108 based on the configuration information. The mode 
controller 90 also ascertains the individual operating modes of the transducer heads 42, the 
5 read circuits 104 and the write circuits 106 at any given time. 

Th e data r e ad by a h e ad 27 pass e s through th e pr e amp li f ie r circuit 1 1 which a l so 
prov i d e s h e ad s e l e ct i on and writ e dr i ving funct i ons dur i ng data wr i t e op e rat i ons. As shown 
in th e e xamp le FIGS. 5A-5B show4 r the preamplifier 88 in more detail. The preamplifier 88 

10 includes the head interfaces 108A. 108B, 108C and 108D. The head interfaces 108A. 108B, 
108C and 108D are connected to and control the read/write operations of the transducer 
heads 42A, 42B, 42C and 42D, respectively. The head interface 108A includes the read 
circuit 104A and the write circuit 106A, the head interface 108B includes the read circuit 
104B and the write circuit 106B, the head interface 108C includes the read circuit 104C and 

15 the write circuit 106C, and the head interface 108D includes the read circuit 104D and the 
write circuit 106D. For convenience of illustration, more head interfaces 108 are not shown. 

The mode controller 90 in this embodiment implements the multiplexer functions of 
the read multiplexer 100 and the write multiplexer 102 to provide separate controls lines for 

20 each read circuit 104 and write circuit 106. The mode controller 90 enables and disables the 
read circuits 104A, 104B. 104C and 104D using the read control lines 134A, 134B, 134C 
and 134D, respectively, and enables and disables the write circuits 106A, 106B, 106C and 
106D using the write control lines 136A. 136B, 136C and 136D, respectively. As a result, 
the transducer heads 42A, 42B, 42C and 42D are individually controlled for read and/or write 

25 operations. 

The configuration information includes c i rcu i t 11 e nab le s four s e parate h e ads 27 to 
b e i ndiv i dua ll y s ele ct e d. Bas e d on tho i nformat i on i n th e r e gisters 36, th e modo contro l 41 
enabl e s th e c i rcu i t 1 1 to prov i d e several functional/operational modes inc l uding : (1) a 
30 read Wr i t e mMode, (2) a write R e ad mMode, (3) a sServo write mode, Mede-and (4) a rRead- 
w-WhilezW-Write , or simu l tan e ous r e ad and wr i t e , ("RWW") mode . I n one e xamp le , th e 
mod e contro l 4 1 compr i s e s a mu l t i p l ex e r wh e r e in at le ast th e reg i st e rs 36 prov i d e s ele ct i on 
s i gna l s to th e mu l tipl e x e r 4 1 , wh e r e by the mu l tip le x e r 4 1 g e nerates contro l output s i gna l s for 
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so l oct i ng/onab l ing the r e ad and wr i to circu i ts 38, 40 of tho c i rcuit 1 1 , and transducer hoads 
27, accord i ng to th e pr e s e nt i nv e nt i on . 

I n tho Wr i to Mod e , th e circuit 1 1 prov i d e s funct i ons inc l ud i ng r e c e iving data 
5 transmitted to wr i to data i nputs 50 of tho circu i t 1 1 by e.g. tho road/wr i to channe l 32 (or th e 
control l er 34) and recording tho roceivod data to a surface 08 of a d i sk 20 us i ng at l o ast one 
s e l e cted writ e circu i t 40 and a corr e spond i ng h e ad 27 i n a writ e op e rat i on. 

-In the rRead mMode, the mode controller 90 controls the head interfaces 108 for 

10 selectively reading data from at least one of the disk surfaces 52 via at least one of the 

corresponding transducer heads 42. c i rcuit 1 1 provid e s funct i ons i nclud i ng r e c ei v i ng signa l s 
s e ns e d by at le ast on e s ele ct e d h e ad 27 via a r e ad c i rcu i t 38, at r e ad data outputs 52 of th e 
circu i t 11. In a typical read/write operation, the mode controller 90 selects one a s i ngl e 
transducer head 4227 is s ele ct e d for reading from the corresponding disk surface 52. 

15 Accordingly, the mode controller 90 enables the read circuit 104 for the selected transducer 
head 42, disables the write circuit 106 for the selected transducer head 42 and disables the 
read circuits 1 04 and the write circuits 1 06 for the other transducer heads 42 bv th e mod e 
contro l 41 accord i ng to h e ad s e l e ction i nformat i on r e c ei v e d by th e r e g i st e rs 36 ( e .g., s e ria l 
i nt e rfac e (SIF) r e gist e rs) from th e r e ad/wr i t e chann el 32 (or th e contro lle r 34). In on e 

20 e xampl e , th e circuit 1 1 ut i liz e s an e xt e rna l stat e s i gna l (e.g., s e r i a l word) from th e r e ad/wr i t e 
chann el 32, prov i ding th e stat e of e ach h e ad on an e xt e rnal pin 54 (RAW), wh e r ei n th e h e ad 
stat e informat i on i nc l ud e s wh e th e r a s ele ct e d h e ad 27 i s in r e ad or writ e mod e ( e .g., R/ - W h i 
indicat e s r e ad mod e , wh e r e as RAW low i nd i cat e s wr i t e mod e ). Th e mod e contro l 41 in 
c i rcu i t 1 1 uti li z e s th e h e ad stat e information to chang e th e stat e of a s e l e cted h e ad 27 as 

25 nec e ssary bas e d on th e r e qu i r e d r e ad/wr i t e op e rat i on . 

In the write mode, the mode controller 90 controls the head interfaces 108 for 
selectively writing data from at least one of the transducer heads 42 to at least one of the 
corresponding disk surfaces 52. In a typical write operation, the mode controller 90 selects 
30 one transducer head 42 for writing to the corresponding disk surface 52. Accordingly, the 
mode controller 90 enables the write circuit 106 for the selected transducer head 42, 
disables the read circuit 1 04 for the selected transducer head 42 and disables the read 
circuits 104 and the write circuits 106 for the other transducer heads 42. 

15 
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In the sServo_write mMode, the mode controller 90 controls the head interfaces 108 
for selectively writing servo patterns from at least one of the transducer heads 42 to at least 
one of the corresponding disk surfaces 52. For example c i rcu i t 1 1 prov i d e s funct i ons 
5 includ i ng r e c ei ving data transm i tt e d to th e wr i to data i nputs 50^ and r e cord i ng tho rec e iv e d 
data to on e or mor e surfaces 98 using on e or mor e s e l e cted wr i t e c i rcuits 4 0 and on e or 
mor e corr e spond i ng heads 27 i n a writ e operat i on. I n on e v e rs i on , the mode controller 90 
selects multiple transducer heads 42 for writing servo patterns to the corresponding disk 
surfaces 52 s e rvowrit e mod e i s accomp li sh e d by th e mod e contro l 4 1 e nab li ng th e wr i t e r 
ele m e nt of mu l tip le h e ads 27 simu l tan e ous l y, wh e r ei n th e sam e i nput data from th e writ e 
data i nputs 50 ar e s e nt to mu l t i p le h e ads 27 for wr i t i ng simultaneously at th e sam e t i m e or in 
overlapping form but does not select any transducer head 42 for reading since the . I n th i s 
cas e , r e ad e r ele m e nts of mu l tip le h e ads 27 ar e not e nab le d at th e sam e tim e b e caus e read 
and write operation funct i on s are gated by the stat e of RAW signal and therefore are ^ aftd 
th e r e ad and wr i t e funct i ons can on l y b e mutually exclusive. 

In the rRead-wWhile-wWrite (RWW) mode A the mode controller 90 controls the head 
interfaces 108 for c i rcuit 1 1 prov i d e s functions i nc l ud i ng simultaneously^ (1) selectively 
reading data from at least one of the disk surfaces 52 via at least one of the corresponding 
20 transducer heads 42, and (2) selectively writing data from at least one of the transducer 

heads 42 to at least one of the corresponding disk surfaces 52 r e c ei v i ng s i gna l s s e ns e d by at 
l e ast on e s ele ct e d h e ad 27 at r e ad i nputs of a corr e sponding r e ad c i rcu i t 38, proc e ssing th e 
signa l w i thin th e r e ad circu i t 38, and outputt i ng th e r e ad data at th e r e ad data outputs 52 of 
the c i rcu i t 1 1 , and (2) r e c ei v i ng data transmitt e d to wr i t e data i nputs 50 of th e circu i t 1 1 , 
25 proc e ssing th e wr i t e data signa l s w i th i n one or mor e s ele ct e d wr i t e circu i ts 4 0, and 

r e cord i ng data output from th e s el ectod wr i t e c i rcuits 40 to a surfac e s 98 of on e or mor e 
disks 29 us i ng on e or mor e corr e spond i ng h e ads 27 i n a wr i to operat i on . For 

I n on e RWW example, the mode controller 90 selects one transducer head 42 for 
30 reading and writing. As another example, the mode controller 90 selects one transducer 
head 42 for reading and another transducer head 42 for writino at le ast on e h e ad 27 and 
corr e spond i ng r e ad circu i t 38 ar e so l octod for a read oporat i on, and at le ast anoth e r h e ad 27 
and corr e spond i ng wr i t e c i rcu i t AO aro se le ctod for a wr i to operation . _ In anoth e r RWW 

16 



• Docket QOQ 1042 US 1 

oxamp l o, th e sam e h e ad 27 and corr e spond i ng road and wr i t e c i rcu i ts 38, 4 0 arc se l ect e d 
for simu l tan e ous r e ad and wr i te op e rat i ons us i ng that on e s ele ct e d h e ad 27. As another 
example. Oth e r e xampl e s ar e poss i b le , such as, the mode controller 90 41 can selects one 
transducer head 42 for reading and other transducer heads 42 for writinq a sing l e r o ad c i rcu i t 
5 38 to supp l y output signa l s r o ad from a disk surface 08 by a correspond i ng hoad 27 to th e 
road data outputs 52, wh il o s i mu l taneous l y select i ng one or moro wr i to circu i ts 40 for wr i t i ng 
data to ono or mor e d i sk surfac e s 98 v i a correspond i ng h e ads 27 . As such, th e circu i t 1 1 
outputs a s i gnal r e ad by a h e ad 27 v i a a corr e spond i ng r e ad circuit 38, wh ile s e rvowrit e 
modo i s i n e ff e ct ( e .g., s e rvowrit e mod e e nab le d and RAW i s l ow), wh e r ei n data i s writt e n v i a 
10 on e or mor e s ele ct e d writ e c i rcu i ts 4 0 and corr e spond i ng h e ads 27. Each of th e circu i ts 38, 
4 0 can i nc l ud e add i tiona l compon e nts for furth e r proc e ss i ng of r e ad/writ e s i gna l s. 

The servo write mode and the RWW mode can be used together. For I fhene 
e mbod i m e nt, th e mod e contro l 41 compr i s e s a mu l t i p le x e r c i rcu i t (Mod e Contro l Mux) 

15 provid i ng control s i gna l s v i a contro l li n e s 56, 58 to th e r e ad and wr i t e c i rcuits 38, 40, 

r e sp e ctiv el y, bas e d on th e i nformation i n th e r e gist e rs 36. Th e c i rcuit 1 1 i nc l ud e s a contro l 
lin e 56 for e ach r e ad circuit 38, and a contro l li n e 58 for e ach wr i t e circu i t 58. Th e mod e l 
control 41 controls ( e .g., e nabl e /d i sab le ) th e r e ad and wr i t e circu i ts 38, 40. I n on e RWW 
sc e nar i o, to r e ad data, th e mod e contro l 41 e nab le s a s ele ct e d r e ad circuit 38 a nd 

20 corr e sponding h e ad 27, and disab le s th e r e ma i n i ng r e ad c i rcu i ts 38 in th e circu i t 1 1 to 

pr e v e nt s i mu l tan e ous transf e r of data from mor e than r e ad c i rcu i t 38 to th e read data outputs 
52 of th e c i rcuit 1 1 . 

Ut ili z i ng e nab le /disab le i s an e xamp le form of wr i t e contro l and r e ad control. Writ e 
25 control and r e ad contro l can b e us e d i n comb i nation w i th e nabl e and d i sab le contro l s. A 
contro l r e gist e r controls th e h e ad r e ad b i as to contro l r e ad. As such, th e contro l of th e 
read e r portion of a h e ad 27 for RWW can b e control le d by e .g. ono or mor e of th e fo ll owing: 
B i as Enab le (Contro lle r f li ps th e b i t); R e ad e r Mux se l ect/d e s ele ct; Road driv e r 38 
e nabl e /disabl e . 

30 

To wr i t e data, th e mod e contro l 41 e nab le s on e or mor e s el octod wr i t e circu i ts 40 and 
corr e spond i ng hoods 27 for wr i t i ng data. For oxamp l o, th e circu i t 1 1 provid e s S e rvowrit e 
Modo by enab l ing a p l urality of so l octod writo c i rcuits 40 and correspond i ng hoads 27 
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simultan e ously, wh e r ei n th e sam e data from th e wr i t e data i nputs 50 of tho c i rcu i t 1 1 is 
prov i d e d to e ach e nab le d wr i t e c i rcu i t 40 for r e cording a p l ura li ty of d i sk surfaces 08 by a 
plura li ty of corr e spond i ng h e ads 27. 

5 I n on e imp le m e ntation, th e r e g i sters 36 compr i s e a r e ad h e ad s ele ct r e g i ster 60, a 

control r e g i st e r 62, and a wr i t e h e ad s ele ct r e gist e r 64. Th e c i rcu i t 1 1 prov i d e s ind e p e nd e nt 
control of r e ad and wr i t e c i rcuits 38, 4 0 and corr e spond i ng h e ads 27 using th e s e r i a l 
e ncoded contro l r e g i st e r 62. Bas e d on th e informat i on in th e contro l r e g i st e r 62, tho mod e 
contro l 4 1 e nabl e s or d i sab le s d i ff e r e nt task r el at e d mod e s (data transf e r modes) wh e r e 
10 r e ad i ng and wr i ting comb i nat i ons ar e d i ff e r e nt ( e .g., R e ad Mod e , Writ e Mod e , S e rvowr i t e 
Mod e , RWW Mod e , e tc). I n one e xamp le , data transf e r mod e s e l e ct i nformation is prov i d e d 
by th e contro lle r 34 to th e contro l r e g i st e r 62 of th e c i rcuit 1 1 for s ele cting on e or mor e h e ads 
27 for r e ad/writ e op e rat i ons v i a th e r e ad and wr i t e circuits 38, 40, r e sp e ct i v el y. 

15 Th e h e ad s ele ct r e gist e rs 60, 6 4 stor e i nformation for th e mod e contro l 41 to s ele ct 

on e or mor e h e ads 27 for r e ad and/or wr i t e op e rat i ons, r e sp e ct i v el y. Th e contro l r e g i st e r 62 
i s us e d i n conjunct i on w i th r e ad and wr i t e h e ad s ele ct r e g i st e rs 60, 64, wh e r e by through 
coordinat i on of afor e m e nt i on e d mod e s, and read/writ e c i rcu i t and h e ad s ele ct i ons, th e circu i t 
1 1 provid e s th e disk dr i v e 25 w i th th e capab i lity to p e rform functions not pr e v i ously poss i b le 

20 or cost -e ffici e nt. Such functions i nc l ud e s el f - s e rvowr i t i ng, s el f r e proc e ssing, n e gating d i sk 
f l apping wh e n writing data f iel ds, track - c e nt e r i ng whi le writ i ng (for dual actuator), calcu l at i ng 
pos i t i on e rror b e for e h e ad sw i tch e s (sing le actuator), e tc.. 

R e f e rr i ng to F I G. 5, i n on e RWW mod e example, the configuration information is pre- 
25 programmed and stored in the ROM 62. The servo processor 66 sends the configuration 
information from the ROM 62 to the interface register 92 via the serial interface 72 and the 
clock/data line 114. Alternatively, the servo processor 66 sends the head selection 
information to the interface register 92 via the serial interface 70 and the clock/data line 114. 
and the servo processor 66 sends the data transfer mode information to the mode controller 
30 90 via the read/write interface 70, the signal controller 82 and the R/W select line 1 16 a 

control bit i n th e . The configuration information sets a control bit in the interface register 92 
control r e gist e r 62 s i gnals th e mod e contro l 4 1 to place the mode controller 90 c i rcu i t 1 1 in 
the sServo.write mMode. The configuration information also Anot he r sets one of bits in 
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the th o control reg i ster 62 read select register 94 to select one transducer head 42 for 
reading and two bits in oct as an adjunct hoad so lo ct r e g i st e r, whore i n based on the write 
h o ad select register 96 6 to 4. tho mode contro l 41 selects two a pair of transducer heads 
4227 for writing . The mode register 98 then commands the read selected transducer head 
5 42 to read and the write selected transducer heads 42 to write, and the read and write 
operations are performed simultaneousl y i n Writo Mod e , le av i ng th e r e ad h e ad s ele ct 
r e g i st e r 60 to so l oct a h e ad 27 to simu l tan e ous l y r e ad i n R e ad Mod e. For examp le , a 
proc e ssor 110 i n th e s e rvo contro lle r 3 4 (F I G. 3) prov i d e s mode s ele ct informat i on to th e 
mod e contro l 41. I n on e cas e , pr e- programmed mod e i nformation is stor e d i n the memory 

10 305 wh i ch i s uti l iz e d by tho processor 1 10 to spec i fy soloction of part i cu l ar road and wr i to 
c i rcu i ts 38, 40. Th e mod e i nformation i s commun i cat e d from th e proc e ssor 1 10 v i a a s e r i a l 
data i nt e rfac e 303 i n th e control le r 3 4 , to th e serial contro l r e g i st e r 62 and wr i tten to th e r e ad 
and wr i t e h e ad s e l e ct r e gisters 60 and 64. Based on th e mod e i nformat i on, the mode contro l 
41 prov i d e s contro l s i gna l s 56, 58 to th e r e ad and wr i t e c i rcuits 38, 40, r e sp e ct i v el y, to a l low 

15 e .g. a sing l e se le ct e d r e ad c i rcuit 38 to r e ad data via a h e ad 27 and supp l y an output s i gna l 
to tho road data output 52 of th o c i rcu i t 1 1 , whi l e s i mu l taneous l y so l oct i ng ono or moro wr i to 
c i rcuits 4 0 to wr i t e data from i nput 50 v i a on e or mor e corr e spond i ng h e ads 27. In on e 
e xamp le , th e contro lle r 41 furth e r ut ili z e s th e state of th e h e ads 27 for h e ad s el ection (i. e . R/ - 
W signal) d e scr i b e d abov e . 

20 

As such i n S e rvowrit e Mod e ( i . e . s e rvowr i t e mod e e nab le d and RAW i s l ow), th e 
circu i t 1 1 proc e ss e s an output signa l from a r e ad c i rcu i t 38. Furth e r, an add i tiona l contro l bit 
in the mode contro l 41 prevents tho road data path 46 from being disabled during th e 
S e rvowr i t e Mod e wr i t e op e ration ( i . e . RAW l ow) thus e .g. a l lowing r e ad i ng of servo 
25 i nformation whil e wr i t i ng data, to b e us e d i n th e norma l dr i v e op e ration for radia l and 
circumf e r e ntia l pos i t i oning of th e h e ads. 

In anoth e r sc e nar i o, th e circu i t 1 1 p e rforms th e RWW funct i on for th e R e ad Mod e 
and th e Wr i t e Mod e (in add i t i on to that in th e S e rvowrit e Mod e ), wh e ro i n the control 41 
30 prov i d e s contro l si gna l s to th e road and wr i t e c i rcu i ts 38, 40 to road and wr i to to th e sam e 
hoad 27 s i mu l tan e ous l y. Furth e r, the c i rcu i t 1 1 can provid e control s i gna l s to th e r e ad and 
wr i t e circuits 38, 40 for s i multan e ously: (1) r e c ei v i ng s i gna l s sonsod by a p l ural i ty of s e l e ct e d 
hoads 27 at i nputs corr e sponding to so l oct e d r e ad circu i ts 38, and transmitt i ng th e r e ad data 
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at tho road data outputs 52 of tho circu i t 1 1 , and (2) r o coiv i ng data transm i ttod to wr i to data 
i nputs of a p l ura l ity of the circu i ts 40 for r e cording to a p l ura li ty of surfac e s 98 us i ng a 
plura li ty of corr e spond i ng s ele ct e d h e ads 27 i n a wr i t e operat i on. I n one vers i on, at le ast 
on e h e ad 27 is s ele ct e d for a r e ad op e rat i on, and at l e ast anoth e r h e ad 27 i s s e l e ct e d for a 
5 wr i t e op e rat i on simu l tan e ous l y. I n another vers i on, th e samo hoad 27 i s so l oct e d for 
simu l taneous r e ad and writ e op e rat i ons. 

Tho read chann el c i rcu i try can be mod i fi e d to b e i nd e pendent l y s olo ctab le to b e 

act i v e or inact i ve dur i ng th e writ e funct i on, prov i d i ng: (1) ind e p e nd e nt operat i on of th e wr i t e 
10 and r e ad paths through th e r e ad chann e l d e v i c e , (2) support for simultan e ous r e ad and writ e 
data str e ams from the d i sk contro lle r port i on of th e AS I C, and (3) r e d e f i n e d AS I C - R e ad 
chann el i nt e rfac e . 

Th e c i rcu i t 1 1 can b e ut il iz e d i n plac e of conv e nt i ona l r e ad/wr i t e pr e amp l ifi e rs in many 
15 mass storage dev i c e s such as, but not li m i t e d to, hard d i sk dr i v e s. Th e RWW funct i on of th e 
circu i t 1 1 provid e s th e a bi li ty to i nd e p e nd e nt l y s ele ct th e r e ad and wr i t e functions/op e rations 
uti l iz i ng e .g. r e ad and wr i t e circu i ts 38, 4 0, such that r e ad and writ e circu i ts 38, AO can b e 
s e l e ct e d to operat e s e parat el y or tog e th e r ( e .g., s i mu l tan e ous l y). Th e RWW funct i on 
e nhanc e s e x i st i ng capabi l it ie s of d i sk dr i v e s, and i mprov e s proc e ss i ng and p e rformanc e . 
20 Furth e r, th e RWW function provid e s cost -e ff e ctiv e v e rsati l ity that can not b e dup li cat e d w i th 
a s i ng le I C conv e ntiona l pr e amp li f ie r. 

The disk drive 24 can self-servo write when the preamplifier 88 is configured for the 
servo write mode and the RWW mode. For example, the disk drive 24 reads a reference 

25 pattern from one disk surface 52 using one transducer head 42 while writing servo patterns 
to one or more blank disk surfaces 52 using one or more other transducer heads 42. The 
reference pattern provides position and timing information for writing the servo patterns. As 
a result, the disk drive 24 self-servo writes with the absolute reference that a servo writer 
offers. The disk drive 24 can self-servo write in a variety of ways, including a bank write and 

30 a stagger write. Likewise, the reference pattern can be provided on the disk surface 52 in a 
variety of ways, including magnetic printing (printed media) and spin stand writing. ln-efte 
exampl e , a disk driv e 25 inc l ud i ng th e c i rcu i t 1 1 prov i d e s s el f - s e rvo wr i to with absolut e 
roforonc i ng that a s e rvowriter off e rs. The d i sk dr i v e 25 i nclud e s th e ability to stagg e r or bank 
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wr i t e by r e ading r e a l- t i m e pos i t i on and t i m i ng i nformat i on wh ile wr i t i ng s e rvo patterns. Th e 
c i rcu i t 1 1 prov i des such capab ili ty by a ll owing read i ng a ref e r e nc e patt e rn from a refer e nc e 
surfac e of a d i sk using on e sel e ct e d h e ad wh il o wr i t i ng servo patt e rns on on e or more b l ank 
disk surfac e s us i ng on e or mor e s e l e ct e d h e ads, simu l taneous l y. For e xamp le , ono h e ad 27 
5 is s e l e ct e d for r e ad i ng a r e f e r e nc e patt e rn for prov i d i ng pos i tion and fundamenta l t i ming 
i nformation for servo patt e rns to b e wr i tt e n s i mu l tan e ous l y on an adjac e nt head or heads. 
Many m e thods of s e lf - s e rvowr i ting can b e adapted to b e more e ff i c i ent and moro accurat e 
using the circuit 1 1 . A few examp le s of i mproved s el f s e rvo wr i t i ng according to the pres e nt 
i nv e nt i on ar e d e scr i b e d b e low. Oth e r e xamp le s ar e poss i b le and ar e cont e mp l at e d by th e 
10 pr e s e nt i nv e nt i on. 

On e such m e thod i s r e ad - wh ile- wr i t e s e lf s e rvo - wr i t e us i ng a r e f e r e nc e d i sk. Th i s 
m e thod of s el f - s e rvowr i t i ng i ncorporat e s th e us e of e .g. a magn e t i c pr i nt e d m e d i a surfac e 
that i nc l ud e s both tim i ng and rad i a l posit i on informat i on ( sel f - s e rvo patt e rns). FIG. 6 shows 
15 a h i gh l y d i agrammatic r e pr e s e ntat i on of an e mbod i m e nt of a magnetic printing station 140 
that feHTiaqneticallv printswg a reference pattern 142 on the reference disk 40A r e f e r e nc e 
d i sk storag e surfac e w i th a s e rvo r e f e r e nc e patt e rn, a magn e t i c pr i nting stat i on 70 
magn e tica ll y pr i nts or oth e rw i s e transf e rs a s e rvo r e f e r e nc e patt e rn 72 to on e surfac e 74 of a 
magn e t i c d i sk 76, known as a r e f e r e nc e d i sk. 

20 

Th e magn e t i c pr i nt i ng stat i on 70 using c afi-a ut i l i z e on e of s e v e ra l known mag n eti c 
transfer processes. The reference disk 40A is initially blank. The magnetic printing station 
140 then On e such proc e ss inc l ud e s th e st e ps of appliesyiro a unidirectional magnetic 
domain orientation to the reference a b l ank storag e disk 40 A , such as th e surfac e 7 4 of th e 

25 d i sk 76 . NextT heri, a reticle or magnetic die with fraviw the desir e d magn e tic reference 

pattern 142 is placed into close proximity to w i th th e storag e surfac e 7 4 of the reference disk 
40A7§, the reference disk 40A is heated to approach the Curie temperature of its storage 
media, and the reference disk 40A is selectively remagnetized at the disk surface 52A with 
the aid of a reverse bias field and localized heating to provide the reference pattern 142 on 

30 disk surface 52A in accordance with the reference pattern 142 established by the reticle or 
die, and th o d i sk 76 i s heated to approach the Curio temperature of the storago med i a on the 
surfac e 7 4 . Th e r e f e r e nc e surfac e 7A i s se le ct i ve l y r e magnetized w i th th e aid of a r e v e rse 
b i as f iel d and e .g. l ocal i z e d h e at i ng i n accordance w i th th e roforenc e patt e rn e stab l ish e d by 
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the r e t i c le or d ie . Alternatively, if an optical reticle is used, a laser beam causes intense local 
heating through reticle apertures to provide magneto-optic selective domain magnetization at 
the disk surface 52A. In any case, the reference pattern 142 is printed on the reference disk 
40A at the disk surface 52A. 

5 

I n cas e s wh e r e an opt i ca l r e t i c le i s us e d, i nt e ns e l oca l h e at i ng through r e ticl e 
ap e rtur e s can b e obtain e d from a las e r b e am, for examp le , i n accordanc e with w ell 
und e rstood magn e to - optica l pr i ncip le s i n ord e r to provid e s ele ct i v e magnetization of 
doma i ns of th e r e f e r e nc e- patt e rn e d surfac e 7 4 i n accordanc e w i th th e s e rvo rofor e nc e 
10 patt e rn 72. Care must be taken during the magnetic printing process not to damage or 
contaminate the reference disk 40A76. Preferably, a l though not n e c e ssar il y, the magnetic 
printing process occurs is c ar r ie d out in a very clean environment within thea disk 
manufacturing process. 

15 FIG. 7 shows the reference pattern 142. The reference pattern 142 includes 

circumferentiallv spaced spokes that extend radially from the inner diameter (ID) to the outer 
diameter (OP) of the reference disk 40A. 

FIG. 8 shows the reference pattern 142 in more detail. The reference pattern 142 
20 includes the sector spokes 144 that each include a single reference spoke 146 and multiple 
transfer fields 148. Thus, the adjacent reference spokes 146 are separated by multiple 
transfer fields 148. 

The reference spokes 146 each include a DC field, an AGC field, a sync field, a gray 
25 code field and a servo burst Quadrature pattern field. The gray code includes binary coded 
location by cylinder number that provides coarse head position information, and the servo 
burst Quadrature pattern includes A, B, C and D servo bursts that provide fine head position 
information. The transfer fields 148 each include a servo burst pseudo-quadrature pattern 
field with A1 and B1 servo bursts that provide fine head position information. The gray code 
30, is used for long (coarse) seeks, the gray code and the servo burst Quadrature pattern are 
used for short (fine) seeks and track-following, and the A1 and B1 servo bursts are used for 
track-following maintenance between the reference spokes 146. Furthermore, the gray code 
and the servo burst quadrature pattern provide absolute position information. 

22 



Docket QOO 10 4 2 USi 

The reference spokes 146 have the same circumferential length (time) as the transfer 
fields 148. Furthermore, the reference spokes 146 and the transfer fields 148 provide 
position and timing information (transfer timing) for self-servo write. The transfer timing can 
5 be embedded to create the transfer fields 148 on another disk surface 52 for overwriting the 
reference spokes 146 with the (final) servo patterns, and the transfer timing fundamental 
freguencv can be 10t where 1t is the bit cell of the servo patterns. 

FIG. 9 shows the disk drive 24 in a self-scan station 150 after the disk drive 24 is 
10 assembled and before self-servo write. The disks 40 include the reference disk 40A and the 
data disks 40B, and the disk surfaces 52 include the disk surface 52A and the disk surfaces 
52B. The disk surface 52A is the top surface of the reference disk 40A, and the disk 
surfaces 52B are the bottom surface of the reference disk 40A and the top and bottom 
surfaces of the data disks 40B. At this stage, the disk surface 52A includes the reference 
15 pattern 142 and the disk surfaces 52B are blank. Thus, the data disks 40B are blank. 

The disk drive 24 is assembled before it is placed in the self-scan station 150. The 
magnetic printing station 140 prints the reference pattern 142 on the reference disk 40A, and 
then the reference disk 40A and the data disks 40B are Th e r e f e r e nc e disk 76 i s plac e d i n a 

20 d i sk stack, and is us e d to r e ca li brat e t i m i ng and pos i t i on b e for e e ach s e rvo wr i t e . R e f e rr i ng 
to F I G. 7, aft e r th e s e rvo r e f e r e nc e patt e rn 72 has b ee n app l i e d to storag e surfac e 74 of th e 
pr i nt e d disk 76, th e disk 76, along w i th oth e r blank disks 29 ar e . assembled onto thea hub 
46. sp i nd le 80 of a d i sk dr i v e 25. Th e sp i ndl e 80 is mount e d w i th i n an e nc l os e d h e ad - d i sk 
ass e mb l y (HDA) 28, and is rotat e d at a pr e d e t e rm i n e d angu l ar v e loc i ty by a spind le motor 

25 23. A comb -l ik e h e ad actuator structur e 37 i s i nc l ud e d w i th th e HDA 28, wh e r e in th e h e ad 
actuator structur e 37 inc l ud e s h e ad arms 9 0 rotat e d by e .g. a rotary voic e co il motor 92 in 
ord e r to pos i tion transduc e r h e ads 27, r e sp e ctiv el y, adjac e nt to th e r e f e r e nc e surfac e 74 of 
tho d i sk 76 and b l ank surfac e s 98 of th e d i sks 29. 

30 After the disks 40 76, 2 9 and the transducer heads 4227 are installed in the HDA 28 , 

the HDA 28 is enclosed by a cover to prevent unwanted particulate contamination. The A 
drive controller ele ctron i cs modul e 26 7 such as a printed c i rcu i t board carry i ng l arg e sca le 
i nt e grat e d circu i ts and oth e r compon e nts, is mechanically attached to the HDA 28 and is 
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electrically connected to the HDA 28 t herete-bv a suitable interconnection 15202? in ordor to 
complete the assembly of the disk drive 24§. 

-The disk drive 245 is then placed into thea self-scan station chambor 1 5004 which 
5 and conn e cted to a su i tab le pow e r supp l v provides a stable mounting structure, thermal 
stability, a suitable power supply and an interface bus. A personal computer (not shown) 
downloads test firmware into the disk drive 24, and . wh e r ei n a control and status collection 
computer- (not shown) collects data on conc e rn i ng the disk drive 24§ during self-scan 
procedures. In addition, the drive controller 26 contains 

10 

I n on e v e rs i on of th e present i nv e nt i on, a self-servo write speeial-program that 
enables the disk drive 24 to self-servo write precise final servo patterns while the disk drive 
24 is in the self-scan station 150 i n th e dr i v e contro l l e r ele ctron i cs 26 . The self-servo write 
program is - ter^-resident in the ROM 62 m e morv 305 (F I G. 3) or downloaded from the 
15 control anda status collection computer 

) e nab le s a h e ad 27 to r e ad th e r e f e r e nc e patt e rn 72, and in turn e nab le s on e or 
mor e oth e r h e ads 27 to wr i t e pr e c i s e s e rvo patt e rns on e ach storag e surfac e s 98 i n 
accordanc e with a f i na l s e rvo patt e rn f e atur e s p l an. Aft e r a ll of th e surfac e s 98 of th e disks 
20 29 hav e b ee n wr i tt e n w i th f i na l s e rvo patt e rns, th e r e f e r e nc e patt e rn 72 i s ov e rwr i tt e n, ei th e r 
i n th e s el f - scan station 104, or lat e r with us e r data wh e n th e d i sk dr i v e 25 is i nsta lle d i n a 
us e r computing e nvironm e nt for data storag e and r e tr ie va l op e rat i ons. 

R e f e rring to FIG. 10S shows self-servo write by the disk drive 24. The drive controller 
25 26 sends configuration information to the preamplifier 88 that designates the servo write 
mode and the RWW mode, selects the transducer head 42 corresponding to the disk 
surface 52A for reading and selects the other transducer heads 42 for writing. The read 
selected transducer head 42 reads the reference pattern 142 from the disk surface 52A and 
generates a read signal that includes circumferential position information and radial position 
30 information for the transducer heads 42, thereby providing an absolute reference for the 
transducer heads 42. The servo processor 66 uses the position information to position the 
transducer heads 42, and the pattern generator 58 uses the position information to generate 
the servo patterns. As i n con j unct i on w i th F I G. 7, in a s e lf - servo wr i t i ng method us i ng th e 
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dr i v e contro l l e r ele ctron i cs 26 i nclud i ng an e mbod i m e nt of sa i d circu i t 1 1, th e tim i ng and 
pos i t i on i nformation of r e fer e nc e pattern 72 i s read from tho r e f e r e nc e disk 76 v i a on e h e ad 
27 and th e i nformat i on is proc e ss e d by: (1 ) a pos i t i on contro l proc e ss ox o cutod by th e 
prococsor 110 and (2) a pattern generator process 112, (e.g., instruct i ons stored in m e mory 
5 305^ w i th i n tho drivo contro lle r ele ctronics 26. S i mu l taneous the read selected transducer 
head 42 reads the reference pattern 142 from the disk surface 52A, the servo processor 66 
positions the transducer heads 42, the pattern generator 58 generates the servo patterns 
and the other transducer heads 42 write the servo patterns to the disk surfaces 52B. Thus, 
the reference pattern 142 is read while the servo patterns are written. 

10, 

Advantageously, the reference pattern 142 enables the servo processor 66 to 
recalibrate timing and position for the transducer heads 42 before each servo pattern write 
with r e ad i ng th e r e f e r e nc e patt e rn 72 from th e r e f e r e nc e d i sk 76 via a s ele ct e d h e ad 27 T a 
s e rvo patt e rn i s writt e n to surfac e s 98 of on e or mor e oth e r d i sks 29 v i a on e or mor e oth e r 

15 h e ads 27 und e r control of a s e rvo wr i t e process e x e cut e d by th e proc e ssor 110 , thereby 
using real-time position and timing information to write g e n e rat i ng the servo patterns as 
cohesive cylindrical t i m i ng/ servo wedges on the disk surfaces 52B. and avoiding 
timing/speed variations that occur between conventional switched-out servo read and write 
operations oth e r d i sks 29. I n F I G. 8. a h e ad 27 i s ut il iz e d p e r disk surfac e (d e s i gnat e d as 

20 h e ads 27 x to i nd i cat e mu l t i p le h e ads 27 i n F I G. 8, wh e r e in V is a head i nd e x). 

. The reference pattern 142 also enables the pattern generator 58 to simultaneously 
The m e thod prov i d e s - s el f - servo wr i ting w i th abso l ut e radia l and c i rcumf e r e ntia l r e f e r e nc i ng 
of conv e nt i ona l- s e rvowrit e rs, but without d i sadvantages of th e conv e ntiona l s e rvowr i t e rs. 
25 Th e disk dr i v e 25 stagg e rs or bank writ e s th e servo patt e rns on surfac e s 98 of d i sks 29 
using r e a l- t i m e pos i tion and tim i ng i nformat i on from th e r e f e renc e disk 76 dur i ng th e s e rvo 
wr i t e proc e ss. The c i rcu i t 1 1 allows r e ad i ng tim i ng/pos i tion i nformat i on 72 from th e 
refer e nc e disk 76 on on e h e ad 27 wh ile s i mu l tan e ous l y wr i t i ng s e rvo patterns on surfac e s 98 
of one or mor e disks 29 using on e or mor e othor h o ods 27. 

30 

Sp e c i fica ll y, i n on e oxampl e , i n s e lf s e rvowr i t e us i ng RWW mode, th e c i rcu i t 1 1 i s 
conf i gured by i nformation transmittod to tho rog i stors 60, 62, 61 thoro i n, for th o mod o contro l 
4 1 to s ele ct and enab le : (1) ono r e ad circu i t 38 i n R e ad Mod e to read th e r e f e r e nc e patt e rn 
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72 via a corresponding r e ad h o ad 27, and (2) ono or moro writ o c i rcu i ts 40 ar o seloctod for 
Write Mod e (or a l t e rnat i v el y Sorvowr i to Mod e ) to wr i te a s e rvo pattern on surfacos 08 ono or 
mor e d i sks 29 v i a on e or mor e s e l e ct e d h e ads 27. 

Head sel e ction via r e g i st e r 60 i s p e rform e d to se le ct a r e ad h e ad 27, and S e rvowr i t e 
Mod e s ele ct i on v i a r e gist e r 64 is p e rform e d to s e l e ct on e or moro writ e heads 27 for wr i t i ng 
s e rvo patt e rns, wh e r e by e ff e ct i v el y th e r e ad h e ad 27 is mapp e d out from writing dur i ng s el f - 
servo writ e op e rat i on. This a ll ows th e road head 27 to r e ad the r e f e r e nc e pattern 72 from th e 
d i sk 76 and prov i d e th e t i m i ng and posit i on informat i on back to th e d i sk dr i v e contro lle r 
e l e ctronics 26 for proc e ss i ng, and s i mu l tan e ous l y wr i ting s e rvo patt e rns on surfac e s 98 of 
disks 29 v i a wr i te h e ads 27, w i thout disturbanc e s from th e wr i t e r ele m e nts of th e d e d i cat e d 
r e ad h e ad 27. I n th i s way, th e driv e contro lle r ele ctronics 26 can clock out the servo patterns 
on on e or more d i sks 29 in the same manner as a clock track. 

15 Th e r e ad e r ele m e nt of th e r e ad h e ad 27 r e ads th e r e f e r e nc e patt e rn 72, and prov i d e s 

a r e ad h e ad s i gna l 114 to th e r e ad/writ e chann el 32 ( i nc l ud i ng an AGC/F il t e r circuit 304, 
s e rvo d e modu l ator 306 and pu l s e d e t e ctor 308). I n th e s el f - s e rvowr i t e RWW mod e , th e 
r e ad/writ e chann el 32 ut i l i z e s th e r e ad signa l 114, and r e so l v e s t i m i ng information 1 14A and 
pos i tion i nformation 1 14C (p e r i odica ll y) from th e r e ad s i gna l 1 1 4 . Th e r e ad/writ e chann el 32 

20 d e cod e s pos i t i on i nformat i on 1 1 4 C and t i m i ng i nformat i on 1 14A from th e r e f e r e nc e patt e rn 
72 by e .g. ei th e r amp l itud e ( i . e ., standard burst d e modulat i on) or i nt e rva l ( i . e ., phas e ang le 
pos i t i on) to ho l d accurat e h e ad p l ac e m e nt and s i multan e ous l y wr i t e s e rvo patt e rns to th e 
d i sks 29 using wr i t e h e ads 27. I n th i s way, th e d i sk dr i v e 25 i n e ff e ct functions e qu i val e nt to 
a s e rvowrit e r. In anoth e r v e rs i on, disk dr i v e f i rmwar e compr i s i ng programm e d log i c or contro l 

25 i nstructions ( e .g., r e sid e nt i n m e mory 305 i n F I G. 3) r e so l v e s th e r e ad signa l 114 into th e 
posit i on and t i m i ng s i gnals 1 14C and 1 1 4 A, r e sp e ct i v el y. Oth e r versions ar e poss i b le a nd 
cont e mp l at e d by th e pr e s e nt i nv e nt i on. 

I n ei th e r case, aft e r s e rvo patt e rns are wr i tt e n to th e d i sks 29, the r e ad h e ad 27 can 
30 be s e l e ct e d i n Writ e Mod e to ov e rwr i t e th e ref e r e nc e patt e rn 72 on d i sk 76 w i th a s e rvo 
patt e rn such that the disk 76 can b e us e d for storing user data. Preferably, at le ast two 
circuits 38 and/or 40 ar e se le ctab le i n th e RWW mod e such that the ref e r e nc e surfac e 74 of 
r e f e r e nc e d i sk 76 can b e ov e rwr i tt e n i n tho sam e mann e r after tho sorvo pattern has b ee n 
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r e cord e d to th e other d i sk 29. 

Un li ke th e pr e s e nt i nvent i on, convent i onal s el f - servo wr i t e proc e ss e s do not provide 
for mu l t i pl e task i ng i n r e ading a ref e r e nc e patt e rn 72 from a d i sk 76 wh ile writ i ng servo 
5 patt e rns on on e or mor e d i sks 29. Conv e nt i ona ll y, r e ading a r e f e renc e pattern 72 from th e 
disk surfac e 7 4 via a read h e ad 27 is s e qu e ntial l y fol l ow e d by sw i tch i ng to oth e r hoads 27 to 
writ e a s e rvo pattern on an d i sk 29, wh e r e in th e r e ad and wr i t e op e rat i ons ar e mutua ll y 
e xc l us i v e ( i . e ., not ov e r l apping or s i mu l t a n e ous). As such conv e nt i ona ll y, th e refer e nc e 
patt e rn 72 i s r e ad for a t i m e p e r i od v i a on e h e ad 27 to obta i n t i m i ng and h e ad position 
10 i nformat i on, and for a fo l low i ng t i m e p e r i od th e timing and posit i on i nformation i s uti l iz e d to 
position anoth e r h e ad 27 and writ e th e s e rvo patt e rn on a disk 29 ( e .g., a w e dge). Th e 
conv e ntiona l s el f - s e rvo wr i t e proc e ss switch e s b e tw ee n r e ad i ng and wr i ting unt il th e e ntir e 
s e rvo patt e rn i s wr i tt e n out on a disk 29. 

15 By contrast, in a s el f - s e rvo wr i t e using RWW proc e ss accord i ng to th e pr e s e nt 

i nv e nt i on, th e r e i s no n ee d to sw i tch out of th e r e f e r e nc e patt e rn 72 R e ad Mod e to writ e 
s e rvo patt e rns on d i sks 29. As such, th e r e f e r e nc e i nformat i on ( e .g., tim i ng and pos i t i on 
i nformat i on 1 14A, 1 14C, r e sp e ct i v e ly) obta i n e d from th e r e ad signal 1 14 from th e r e f e r e nc e 
d i sk 76 v i a on e h e ad 27 ar e us e d to simu l tan e ous l y clock out s e rvo patt e rns to oth e r disks 

20 29 on oth e r h e ads 27. Furth e r, any tim i ng e rrors ( e .g., du e to rotat i on sp ee d var i ations) ar e 
comp e nsat e d for in r e a l- t i m e . Th e d i sk dr i v e 25 accounts for rotation sp ee d variations by 
corr e ct i ng timing e rrors wh i l e a s e rvo patt e rn i s b ei ng wr i tt e n, to e ff i c i ent l y g e n e rat e an 
accurat e s e rvo patt e rn, w i thout n ee d for r e p e at i ng s e rvo writ e s du e to e .g. t i ming/sp ee d 
variat i ons b e tw ee n r e f e r e nc e r e ad s e rvo and wr i t e op e rations wh i ch n e gat i v el y aff e ct s a i d 

25 conv e ntiona l m e thods. 

In s e lf - s e rvo - wr i t e m e thod, th e c i rcu i t 1 1 i s conf i gur e d by informat i on transm i tt e d to 
th e r e gist e rs 36 th e r e in, to s ele ct e .g. r e ad c i rcuit 38 and corr e spond i ng h e ad 27 for read i ng 
tim i ng and position informat i on ( i . e ., Read S i gna l 114) from th e r e f e r e nce surfac e 74 of the 
30 r e f e r e nc e d i sk 76. Th e r e f e r e nce informat i on prov i d e s h e ad position and tim i ng i nformat i on 
to th e s e rvo contro lle r 34 (F I G. 3) for position i ng wr i t e h e ads 27 as n e c e ssary for wr i t i ng 
sorvo patt e rns. Said posit i on and tim i ng informat i on ar e proc e ss e d by th e writ e c l ock patt e rn 
gonorator proc e ss 112 and th e s e rvo/posit i on contro l proc e ssor 1 10 within th e driv e 
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contro ll or eloctron i cs 26 (e.g., sorvo contro l ler 34). For writ i ng sorvo patterns, hoad 
posit i on i ng information 1 16 i s g e n e rat e d by th e s e rvo proc e ssor 110, and servo patt e rn 
informat i on 1 18 i s prov i ded by the pattern generator process 112. 

5 FIG. 1 1 shows a head position servo loop 154 of the disk drive 24. The read selected 

transducer head 42 generates a read signal that includes position and timing information in 
response to reading the reference pattern 142. The servo demodulator and ADC 80 
resolves the position and timing information in the read signal and provides a position signal 
that indicates the current position of the transducer head 42. The servo processor 66 
10 subtracts the position signal from a desired head position to provide a modified position 
signal based on the difference. The DAC 84 converts the modified position signal into an 
analog position signal that the driver 86 uses to drive the actuator 50. The head position 
servo loop 154 is used during self-servo write to maintain accurate position control of the 
transducer heads 42 over the disk surfaces 52. 

15 

FIG. 12 shows the disk drive 24 generating the servo patterns for self-servo write. 

The pattern generator 58 includes a pattern memory 156 and a shift register 158. The 
pattern memory is a random access memory (RAM), and the shift register 158 is a serial 
shift register with parallel load. 

20 

The mode controller 90 selects the transducer head 42 for reading the reference 
pattern 142 from the disk surface 52A and the transducer heads 42 for writing the servo 
patterns to the disk surfaces 52B in response to configuration information from the servo 
processor 66. The read selected transducer head 42 generates a read signal by reading the 

25 reference pattern 142 on the disk surface 52, and the read signal is seguentiallv processed 
by the preamplifier 88, the AGC/filter 74 and the pulse detector 76. The clock multiplier and 
PLL 60 phase locks on the read signal from the pulse detector 76 based on the timing 
freguencv of the transfer fields 148 and clocks the shift register 158 at the maximum servo 
pattern freguencv. As a result, the servo patterns are synchronously clocked to rotational 

30 speed variations of the disks 40. 

The servo processor 66 provides track-to track positioning and track following for the 
transducer heads 42 using the reference spokes 146, and provides track-following 
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maintenance between the reference spokes 146 using the transfer fields 148. 

When the read selected transducer head 42 stabilizes over a starting position on the 
disk surface 52A, the pattern memory 156 loads the servo pattern into the shift register 158 
5 as a series of 1's and O's, and the servo pattern generation seguence begins. Thus, the 
servo positioning operates simultaneously with the servo pattern generation and self-servo 
write. 

FIG. 13 shows a flow diagram for self-servo write. In this example, the disk drive 24 
10 includes one reference disk 40A and three data disks 40B, and therefore one disk surface 
52A (on the reference disk 40A) that includes the reference pattern 142 and seven disk 
surfaces 52B (on the reference disk 4QA and the data disks 40B) that are blank. Likewise, 
the disk drive 24 includes one transducer head 42 corresponding to the disk surface 52A 
and seven transducer heads 42 corresponding to the disk surfaces 52B. In addition, the 
15 reference pattern 142 includes the reference spokes 146 each followed by seven transfer 
fields 148. 

During self-servo write, the (final) servo patterns 160 are written to the disk surfaces 
52B in a stagger pattern. The reference spoke 146 is read to position the transducer heads 

20 42, then the servo pattern 160 is written on the first disk surface 52B as the first transfer field 
148 following the reference spoke 146 is read to position the transducer heads 42, then the 
servo pattern 160 is written on the second disk surface 52B as the second transfer field 148 
following the reference spoke 146 is read to position the transducer heads 42, and so on, 
until the seventh servo pattern 160 is written on the seventh disk surface 52B as the seventh 

25 transfer field 148 following the reference spoke 146 is read to position the transducer heads 
42. The process then repeats for the next reference spoke 146 and transfer fields 148. 

The final servo patterns 160 are arranged in a stagger pattern in which seguential 
servo spokes are offset from one disk surface 52B to the next. Furthermore, position error 
30 due to disk flapping can be updated as a transducer head 42 writes to a disk surface 52B by 
r - another transducer head 42 that reads the servo patterns from the opposite disk surface 
52B. Likewise, a transducer head 42 can provide track centering as another transducer 
head 42 writes the servo patterns 160. 
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This example includes the following parameters: 

5 Sector spoke density = 100 sector spokes per revolution 

Reference spoke density = 1 reference spoke per sector spoke 

Transfer field density = 7 transfer fields per sector spoke 

Disk rotational speed = 6000 rpm = 10 mS per revolution 
Sector spoke time - (10 mSVflOO sector spokes) = 100 uS per sector spoke 
10 Reference spoke time = (sector spoke time)/8 = 12.5 uS per reference spoke 
Transfer field time = (sector spoke time)/8 = 12.5 uS per transfer field 

The RWW pr e amp li f i er circuit 1 1 enab le s r e a l- t i m e and/or u l tra h i gh bandwidth 

clos e d l oop operation ( e .g., for s e lf - s e rvo wr i t e ) that can not b e accomp li sh e d with a 

15 conventiona l drive pr e amp l if io r. Roforring to FIGS. 149A-14B show 7 a flowchart an o xamp l o 
proc e ss for self-servo write by the disk drive 24 using a pr i nt e d m e dia r e f e rence patt e rn i s 
descr i b e d. Th e proc e ss contro l s th e ori e ntat i on of magn e tic doma i ns to cr e at e a f i nal s e rvo 
pattern that i s conc e ntrical l y and rad i a ll y arrang e d on a magn e tic r e cording surfac e 98 that is 
typ i ca ll y usod i n tho manufacture of hard disk dr i ves. Tho fina l servo pattern inc l udes 

20 pos i tion and tim i ng informat i on that i s us e d by tho dr i ve m e chanica l , o l octr i cal and contro l 
syst e m to e stab l ish abso l ut e rad i a l and c i rcumfr e nt i a l p l ac e m e nt of i ts transduc e r h e ads. 

The reference pattern 142 is printed on the reference disk 40A A s d e scrib e d abov e i n 
25 re l ation to F I GS. 6 - 7, creating a pr i nt e d m e d i a r e f e r e nc e surfac e 7A (step 200) J can b e 
accompl i sh e d in sev e ra l ways. On e examp le i s to p l ac e a mask onto a magn e t i c surfac e 
that has a l l of i ts domains ori e nt e d i n on e d i r e ct i on. Th e mask is mad e of magn e t i c shi el d i ng 
mator i a l and is affixed to a surface of the media d i sk 76. A magnot of opposing or ie ntation is 
passed ov e r th e mask e d surfac e of th e m e d i a, and caus e s th e unmask e d ar e as of th e 
30 mod i a to i nv e rt th ei r or ie ntation. Th e domain or i entat i on d i ff e r e nc e s ar e read by a transduc e r 
head as f l ux trans i tions, and are us e d in a dr i ve for timing and amp li tude m e tr i cs. T he 
reference disk 40A 7 6-is installed into the disk drive 24 25 dur i ng th e ass e mbly proc e ss (step 
202) A the_af*4-drive controller 26 o l ectron i cs 26 is installed into the disk drive 24 i nc l ud e d 
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therein (step 204) . and after . Wh e n the dfive-assembly is complete, the disk drive 245 is 
placed in the i nota l lod into a self-scan station 150 chambor 104 (step 206) that prov i des a 
stab le mount i ng structur e , th e rmal stabi li ty, power and an int e rface buss that can b e 
connect e d to a PC for l oad i ng a t e st proc e ss f i rmwaro i nto th e dr i v e 25 . 

5 

T After t he disk drive 245 is powered up (step 208) and spins up (step 210) to a 

programmed/desifed disk rotational speed (steps 212 and T 214), and then t he-self-servo 
write proc e ss can begins (step 216). 

10 The servo processor 66 controls self-servo write by executing instructions (firmware) 

resident in the ROM 62, and t The se l f s e rvo wr i t e proc e ss i s contro lle d by th e processor 

he r Registers 6435 are loaded with in th e contro lle r 3 4 ar e s e tup to contain i nformation for 
th e proc e ssor 1 10 to us e for th e s el f - s e rvowr i t e proc e ss. Th e r e g i st e rs 35 ar e l oad e d with 

1 5 the number of spokes, number of heads, le ngth of refer e nc e spok e s, number of transfer 
fields, number of tracks, length of spokes, length of transfer fields, head width 7 tota l numb e r 
of tracks, and other pertinent information , to comp le t e th e proc e ss. In on e e xampl e , th e s el f - 
s e rvo wr i t e proc e ss is e x e cut e d by th e proc e ssor 110 from i nstruct i ons ( e .g., f i rmwar e ) 
r e s i d e nt i n a m e mory/ROM 305 (step 218) , as fo l lows . _The transducer heads 4227 are 

20 moved to position the transducer a-head 42 corresponding to the disk surface 52A 2 7-over 
the reference pattern 1472 (step 220) , and the servo processor 66 sends and bas e d on 
e©fttfol/_configuration information to the mode controller 90 that set s i gnals from th e 
proc e ssor 1 1 0, th e contro l 4 1 p l ac es the preamplifier 88 c i rcuit 1 1 fR in the norma l rRead 
mMode (d e scr i b e d abov e ) (step 222) and selects the transducer head 42 corresponding to 

25 the disk surface 52A for reading . Accord i ng l y, th e contro l 41 e nables a transduc e r h e ad 27 
that corr e sponds to th e pr i nt e d m e d i a surfac e 74 (step 224) , and th e r e f e r e nc e i nformat i on 
72 is r e ad v i a th e se le ct e d r e ad h e ad 27 to g e n e rat e th e r e ad s i gna l 11 4. 

F I G. 10A shows an e xamp le of s e rvo pos i tion informat i on composit e of tho r e f e rence 

30 patt e rn 72 on th e r e ferenc e surfac e 74. Th e r e f e r e nc e pattern 72 i nc l udes a p l ura li ty of 
conc e ntr i c tracks, e ach i nc l ud i ng r e foronce spokos 122 with a mult i p li city of transf e r f iel ds 
12 4 th e r e b e tw ee n. Th e refer e nc e spokos 122 in conc e ntric tracks form rad i al spok e s. Tho 
F I G. 10A e xamp le shows sev e ra l transf e r f iel ds 124 b e tween two ref e r e nc e spok e s 122. 
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Each reference spoko 122 inc l ud o s gray code ( l ) f and sorvo burst quadrature patt o rn ( II ) of 
s e rvo bursts A, B, C and D. Th e gray cod e i s a b i nary -li k e cod i ng syst e m that i s part of th e 
reference patt e rn 72 and conta i ns coars e pos i t i on i nformat i on, and th e amp l itud e s of s e rvo 
bursts A, B, C and D prov i d e fin e h e ad pos i tion i nformat i on. Each transf e r f ie ld 124 includ e s 
5 s e rvo bur s t p e sudo - quadatur e patt e rn ( I I I ) A1, B1, for on track h e ad pos i t i on i ng. F I G. 10C 
shows furth e r d e ta il s of spok e s 122 and transf e r f iel ds 124, providing pos i t i on and timing 
i nformation ( e .g., transf e r t i m i ng). I n anoth e r e xamp le th e r e can b e on transf e r fi el d 124 
b e tw ee n a pair of spok e s 122, wh e r ei n the transf e r f iel d i nc l ud e s mu l tip l e pairs of s e rvo burst 
pseudo quadratur e patt e rns A1, B1. 



R e f e rring to F I G. 10B, th e pos i tion and t i m i ng i nformat i on i n r e f e renc e pattern 72 

i nduces th e r e ad signa l 1 14 in th e r e ad h e ad 72, wh e r ei n as d e scr i b e d abov e th e r e ad signa l 
114 i nc l ud e s th e pos i tion signa l 114C and th e t i m i ng s i gna l 1 14 A. Th e A/D c i rcuit (s e rvo 
d e mod e ) 306 in th e chann el 32 r e so l v e s th e pos i t i on i nformation s i gna l 1 1 4 C and th e t i m i ng 

15 i nformat i on signa l 1 1 4 A from th e r e ad s i gna l 114. Th e pos i t i on contro l proc e ssor 110 us e s 
th e pos i t i on informat i on 1 14C as i t i s r e ad by th e s e l e ct e d h e ad/s e nsor 27 from th e r e f e r e nc e 
patt e rn 72, as f ee dback dur i ng th e RWW s el f - s e rvowr i t e proc e ss to d e t e rm i n e th e curr e nt 
h e ad posit i on. Th e curr e nt h e ad posit i on i s th e n subtract e d from th e d e s i r e d h e ad pos i tion 
by th e proc e ssor 110 and a pos i t i on command is i ssu e d bas e d on th e diff e r e nc e . Th e 

20 position command i s output through a s e rvo contro l i nt e rfac e 302 as d i g i t al pos i tion data 116 
and is conv e rt e d to an ana l og signal i n th e pow e r ele ctron i cs dr i v e r 119 wh i ch dr i v e s th e 
VCM 92 in th e HDA 28. This m e thod i s ut ili z e d dur i ng s el f - s e rvo wr i t i ng to ma i nta i n accurat e 
posit i on contro l of the writ e h e ad 27 ov e r th e disk surfac e 29. 

25 R e f e rr i ng back to FIGS. 9A - B, J the servo processor 66440 waits for a pattern 

sequence that initiates a servo lock attempt , and iv -tf the data that-follows is-a what is 
expected, theaft initial servo lock occurs i s comp le t e , and the absolute position is attempted 



to be acquired- by reading the gray code .d r e gion of the reference spoke 146 22 (F I GS.10A, 

10C, 'Cy l . #') (step 226). .Once the absolute position is acquired, the head position 
30 servo contro l loop 154 is closed (o.g., F I GS. 10A B) (step 228) and i s commandod to moves 
the a-write-transducer heads 42 to the -start s e rvowr i t e ' position on at least on e d i sk surfac e 
9&-for reading the reference pattern 142 from the disk surface 52A and w riting the feai-servo 
patterns to the disk surfaces 52Bt hefeeft (steps 230 and T 232). 



10 




32 



Docket QOQ 1012 US1 



When the read selected transducer head 42 is stabilized over the starting position on 
the disk surface 52A, the pattern memory 156 loads the servo pattern into the shift register 
158 and the servo pattern generation seguence begins (step 234). The clock multiplier and 
5 PLL 60 phase locks to the timing reference freguencv of the transfer fields 148 (steps 236 
and 238). Thereafter in response to the configuration information from the servo processor 
66, the mode controller 90 sets the write currents for the transducer heads 42 (step 240) and 
selects the transducer heads 42 for writing the servo patterns to the disk surfaces 52B (step 
242). The mode controller 90 receives configuration information that sets the preamplifier 88 

10 to the RWW Mode (step 244) and the servo pattern is synchronized with the index reference 
spoke 146 (steps 246 and 248). A reference spoke counter is loaded with the number of 
reference spokes 146 per revolution of the disk 40A (step 250). When the read selected 
transducer head 42 reaches the end of a reference spoke 146 (step 252), a write selected 
transducer head 42 is enabled (step 254), a transfer field counter within the registers 64 is 

15 loaded with the number of transfer fields 148 between each pair of reference spokes 146 
(step 256) and the read selected transducer head 42 reads the transfer field 148 (step 258). 

F I G. 1 1 shows an e xamp le d i agram for g e n e rat i ng a f i na l s e rvo patt e rn s i gna l 118. 

Roforr i ng to F I GS. 9A B i n conjunct i on w i th F I G. 1 1 , wh e n th e transduc e r 27 is stabil i z e d 

20 ov e r th e start i ng pos i t i on on at le ast a d i sk surfac e 98, th e patt e rn g e n e rator 112 (F I G. 11) 
l oads a 'f i na l s e rvo patt e rn' ( e .g. from a m e mory 39) into a sh i ft r e g i st e r 126 as a s e ri e s of 
1's and 0's (st e p 234), and th e patt e rn g e n e rat i on s e qu e nc e b e g i ns. Th e c l ock mu l tip lie r PLL 
1 1 1 i s phas e l ocked to th e signal 1 14 A (th e t i ming fr e qu e ncy of th e transf e r fi el d 124 in F I G. 
10C) (st e ps 236, 238). Th e r e aft e r, in r e sponse to conf i guration s i gna l s from th e proc e ssor 

25 110, th e contro l 41 s e ts writ e curr e nts for wr i te h e ads 27 (st e p 2 4 0), and s ele cts writ e heads 
27 for wr i t i ng th e s e rvo patt e rn 1 18 on d i sk surfac e s 98 (r e gist e r 64, F I G. 2) (st e p 242). Th e 
control 41 s el octs RWW Mod e for th e c i rcuit 1 1 (st e p 244), and s el f servo writ e patt e rn i s 
synchron i zed w i th r e f e r e nc e spok e index 122 (st e ps 246, 2 4 8). A spok e count e r i s l oad e d 
with th e number of spok e s 122 p e r rovo l ut i on of disk 76 (st e p 250). When th e r e ad h e ad 

30 roach e s th e e nd of a refer e nc e spok e 122 (stop 252), tho so l oct e d wr i t e h e ad 27 i s e nab le d 
(step 254), a transfer fi el d count e r ( e .g., with i n r e g i st e rs 35) i s load e d w i th th e numb e r of 
transf e r f iel ds 12 4 b e tw ee n e ach pair of roforonc e spokos 122 i n tho pattern 72 (st e p 256), 
and th e road transduc e r roads a transfer fi el d in th e r e f e rence pattern 72 (st e p 258). 
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The s e rvo posit i oning accord i ng to F I GS. 10A B operates i n overlap or s i mu l taneous 

mod e w i th th e patt e rn g e n e rat i on and writ e operat i on according to F I G. 1 1 . S e rvo 
posit i on i ng by processor 1 10 i s accomp li sh e d by r e ading and proc e ss i ng the amp li tud e of 
5 th e A1 and B1 s e rvo bursts of th e transf e r patt e rn 72 as shown i n F I GS. 10A B. Th e A1 and 
B1 bursts ar e used on l y for on - track c e nt e r ma i nt e nance b e tw ee n th e r e f e r e nce spokos 122. 
Th e referenc e spok e s 122 i nc l ud e absolut e pos i t i on i nformat i on ( i . e . gray cod e and four 
burst quadrature), and ar e us e d for track to track pos i t i on i ng. Pattern gen e ration i s 
accomp li sh e d p e r e xamp l e of FIG. 11 and can b e trac e d through us i ng th e signa l 11 4 . Th e 
10 timing signa l 11 4 A is us e d for patt e rn g e n e rat i on ( e .g., F I G. 11), and th e posit i on signa l 
1 14C is us e d for s e rvo pos i t i on i ng ( e .g., F I GS. 3, 10B and 11). 



The R e f e rr i ng back to F I GS. 9A - B, an e xamp le servo positioning (steps 260-264) 
occurs simultaneously and para lle l with the servo /ov e rlapping pattern generation and self- 
1 5 servo write proc e ss as contro lle d by th e proc e ssor 1 10 i s d e scr i b e d (steps 266-274) . 



-After reading the a transfer field 124 8 (step i n st e p 258), the i n a s e rvo pos i t i on i ng 
proc e ss, th e r e ad transducer heads 4227 areis maintained on the track center (on-track) of 
the a-transfer field 148 (step 260) by reading and proc e ssing the amplitudes of the A1 and 

20 B1 servo bursts [nof the transfer pattern 148, determining t as shown i n F I GS 10A - B, wh e r ei n 
A1 and B1 ar e us e d for on - track c e nt e r ma i nt e nanc e b e tw ee n th e ref e r e nc e spok e s. T he 
difference between the amplitudes read h e ad s e ns e d amp li tud e of A1 and B1 (A1 - B1) i s 
m e asur e d (step 262)r and adjusting the position of w h e r ei n i f th e d i ff e r e nc e A1 - B1 i s not 
z e ro, th e n the transducer heads 42 based on the difference pos i t i on is ad j ust e d (step 264). 

25 S Th e s teps 262 and T 264 are repeated to maintain the transducer heads 42 on the track 
center of the transfer field 148 . 



Onc e th e h e ad i s on track contor, th e gray code i n th e r e f e r e nc e spok e i s r e ad (st e p 
276) and a d e t e rmination is mad e i f the h e ad i s on th e proper track numb e r (st e p 278). I f so, 
30 th e spok e count e r i s d e cr e mented by on e (st e p 280), wh e r ei n wh e n th e spok e count e r 

shows z e ro, i nd i cating that a l l spok e s on th e curr e nt track hav e b ee n proc e ss e d (st e p 282), 
th e h e ad is mov e d to th e next rad i al track position (st e p 28 4 ). To process th e r e ma i ning 
tracks of th e r e f e r e nc e pattorn 72, tho posit i oning process proc ee ds to st e p 246. 
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After I n a simu l tan e ous or over l app i ng pattern g e n e ration and s e rvo wr i t e proc e ss 
und e r contro l of th e proc e ssor 1 1 0, aft e r reading the_e ach -transfer field 134 8 (step 258). and 
while servo from th e disk 76 and positioning of-the transduce r r e ad and wr i t e heads 42, the a 
5 corr e spond i ng f i na l servo pattern is written by the write selected transducer head 42 to the 
corresponding disk surface 52B (step 266) until the end of the transfer field 148 118 i s writt e n 
on each d i sk surfac e 98 via a corr e spond i ng wr i to hoad. Sp e c i f i cally, e ach transf e r fi el d i s 
r e ad from th e d i sk 76 v i a a read h e ad (st e p 258), a corr e spond i ng fina l s e rvo patt e rn is 
wr i tt e n via a s ele ct e d writ e h e ad on a d i sk surfac e 98 (steps 26&-268) . Thereafter, the next 

10 write selected transducer head 42 is switched to , th e proc e ss s ele cts th e next wr i te h e ad i n 
s e qu e nc e for th e n e xt surfac e 98 of a d i sk (step 270) and . d e cr e m e nts the transfer field 
counter is decremented by one kv-ene-(step 272) to determine whether all the transfer fields 
148 between the pair of reference spokes 146 , and if th e transf e r fi el d count e r i s not z e ro 
have been read (step 274) . If not. -the process return proc ee d s back to step 258 and the 

15 next transfer field 148 is read for r e ading th e n e xt transf e r f iel d and wr i t i ng a f i na l s e rvo 

spok e 128 (in s e rvo patt e rn 118) us i ng said n e xt s ele ct e d wr i t e h e ad to a corr e spond i ng d i sk 
surfac e 98. St e ps 258 through 27 A ar e r e p e at e d i n a l oop for a ll transf e r fi el ds 124 b e tw ee n 
e ach pair of r e f e r e nc e spok e s 122. Onc e a l l transf e r fi e lds 124 b e tw ee n a pa i r of r e f e r e nc e 
spok e s 122 hav e b ee n so proc e ss e d, th e patt e rn g e n e rat i on and s e rvo writ e proc e ss 

20 proc ee ds to st e p 276 for proc e ssing r e main i ng r e f e r e nc e spok e s on th e curr e nt track of th e 
r e f e r e nc e patt e rn 72 . 

Once the transducer heads 42 are on-track (step 262) and all the transfer 

fields 148 between the pair of reference spokes 146 have been read (step 274) the gray 

25 code in the reference spoke 146 is read (step 276) to determine whether the transducer 
heads 42 are at the proper track (step 278). If not, the process returns to step 230 to 
position the transducer heads 42 at the proper track, otherwise the reference spoke counter 
is decremented by one (step 280) to determine whether all the reference spokes 146 on the 
current track have been read (step 282). If not, the process returns to step 252 to read the 

30 next reference spoke 146. otherwise the transducer heads 42 are moved to the next track 
(step 284) to determine whether all the tracks have been written to (step 286). If not, the 

process returns to step 246. otherwise the process proceeds to self-scan I n th e 

o xamp l o patt e rn g e n e rat i on proc e ss of F I G. 1 1 , onc e th e index rofer e nc e spok e 122 is 
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d e t e ct e d and th e first transf e r f iel d begins, th e c l ock mu l t i p li er 1 1 1 'out' i s e nab l ed . Th e road 
signa l 1 14 v i a c i rcu i t 1 1 i s proc e ss e d by chann el 32 (AGC 304 and puls e d e t e ct 308) to 
g e n e rat e th e tim i ng s i gna l 1 1 4 A for th e c l ocking th e s e r i a l sh i ft r e gist e r 126. Tho patt e rn of 
1 's and 0's from th e r e g i st e r 126 is proc e ss e d by th e pr e amp li f ie r c i rcu i t 1 1 to contro l th e 
5 d i r e ct i on of curr e nt through th e s ele ct e d 'writ e ' transduc e r h e ads. Th e curr e nt through a 
transduc e r h e ad is chang e d from on e d i r e ct i on to th e oth e r causing th e po l arity of th e m e dia 
magn e t i c doma i ns to chang e w i th i n th e e ff e ctiv e f iel d. Th e s e r ie s of transitions on e ach 
surface 08 aro the f i na l product spoko 128 (this proc e ss i s graphica ll y dopictod as tho c l osod 
loop op e rat i on i n FIG 1 1). I n th i s examp le , th e f i nal spok e s 128 ar e p l ac e d onto d i ff e r e nt d i sk 

10 surfac e s 98 i n a stagg e r patt e rn d e p i ct e d by e xamp le i n F I G. 12, wh e r e in th e disk ass e mb l y 
compr i s e s a r e f e r e nc e d i sk 76 and thr ee data d i sks 29, th e r e f e r e nc e disk hav i ng a 
r e f e r e nc e surfac e and a b l ank surfac e 98, and e ach of the thr ee data d i sks hav i ng two 
opposing b l ank surfac e s 98. Each d i sk surfac e has a corr e spond i ng h e ad 27 (tota l of e ight 
h e ads). I n th e e xampl e of F I G. 12, a r e ad h e ad 27 ( e .g., HDn) i s pos i t i on e d to r e ad th e 

15 r e f e r e nc e patt e rn 72 from d i sk 76, and e ach of a p l ural i ty of wr i t e h e ads 27 ( e .g., HDn+1 

through HDn+7) i s position e d to wr i t e f i nal s e rvo patt e rns on a surfac e 98 of a d i sk 29. Th e r e 
ar e s e v e n transf e r f iel ds b e tw ee n e ach pa i r of r e f e r e nc e spok e s i n th e r e f e r e nc e patt e rn 72, 
and st e ps 258 - 274 ar e r e p e at e d for e ach transf e r fi el d. This proc e ss is r e p e at e d for all 
tracks unti l a ll of th e tracks ar e wr i tt e n across th e surfac e s of d i sks 29. I n anoth e r e xamp le 

20 th e f i nal s e rvo spok e s 1 28 ar e p l ac e d onto d i ff e r e nt d i sk surfac e s 98 i n a bank wr i t e . 

Onc e a ll tracks of th e r e f e r e nc e patt e rn 72 hav e b ee n proc e ss e d (st e p 286), a s el f - 
scan proc e ss (step 288) b e g i ns as d e scr i b e d furth e r b e low . I f in st e p 278 th e h e ad is not on 
th e prop e r track numb e r, th e s e rvo posit i on i ng proc e ss proc e eds back to st e p 230 to mov e 
25 th e h e ad(s) to prop e r start posit i on. I f i n st e p 282 a ll th e spok e s and transf e r fi el ds for th e 
current track hav e not b ee n proc e ss e d, th e pos i t i on i ng proc e ss proc ee ds to st e p 252 to 
proc e ss th e n e xt spok e . 

30 As such, rof o rring to F I GS. 8, 10A C and 11, the posit i on contro l procossor 110 and 

th e c l ock and patt e rn g e n e ration proc e ss (c i rcu i t) 112 al l ow d i ss e ct i on of th e r e f e r e nc e 
i nformat i on 72 r e ad from th e r e f e r e nc e d i sk 76 to s ele ct th e port i on of r e f e r e nc e patt e rn data 
to analyz e ( e .g., pos i t i on/t i m i ng i nformat i on). I n on e e mbod i mont, tho pos i t i on contro l 
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proc e ss compr i s e s a l ogic c i rcu i t implem e nt e d i n an AS I C or a proc e ss e x e cuted by 
processors ( e .g., proc e ssor 110) w i th i n th e contro lle r ASIC 34 of th e dr i vo contro l l e r 
e l e ctron i cs 26. Posit i on is ma i ntain e d by s e rvo - burst e qua li zation shown by examp le i n 
F I GS. 10A B. Any t i ming errors ar e erased and rewritten until thoy are w i th i n acc e ptable 
5 to le ranc e , such that tim i ng r e mains coh e rent across e ntir e surfac e 98. Tho roforonc e r e ad 
fr e qu e ncy i s phas e lock e d to th e patt e rn g e n e rator clocking fr e qu e ncy thus k ee ping th e 
s e rvo patt e rn synchronously locked to th e rotat i onal sp ee d var i at i ons caused by the sp i nd le 
motor contro l orror (e.g., F I G. 1 1 ). Tho clock signa l 1 1 A A prov i des tho t i m i ng for the c l ock 
mu l tip l y c i rcu i t 1 1 1 wh i ch provid e s th e t i m i ng and fr e qu e ncy for th e patt e rn g e n e rator circu i t 
10 1 12. Th e proc e ss/c i rcuit 112 und e r firmwar e contro l g e n e rat e s th e s e rvo patt e rn data 118. 
Becaus e th e r e ad r e f e r e nce s i gna l 1 1 4 is r e ad simu l tan e ously wh i l e wr i t i ng f i na l s e rvo 
patterns, th e s e rvo patt e rn data 1 18 wr i tt e n to e ach surfac e 98 i s synchroniz e d to th e 
rotat i ona l sp ee d of th e d i sks 2 9 . Th e r e lat i onship b e tw ee n s i gna l s 114 and 1 18 i s c l os e d 
l oop du e to th e RWW function of th e circu i t 1 1 . 

15 

Disk f l apping mod e s ( i . e . m e chan i ca l d i stort i ons to a f l at d i sk surfac e caus e d by 
rotational and axia l e xc i tation) can caus e unwant e d d i sturbanc e s. RWW accord i ng to th e 
pr e s e nt i nv e nt i on can tak e advantag e of th e spok e stagg e r (s e qu e nt i a l spok e offs e t from 
on e surface to th e n e xt) from h e ad to h e ad. Sp e cifica ll y, for e ach d i sk hav i ng two oppos i ng 
20 surfac e s 98 and two corr e spond i ng h e ads 27, a pos i tion e rror can b e updat e d wh e n a h e ad 
27 is wr i t i ng on on e surfac e , by r e ad i ng th e s e rvo i nformat i on on th e oppos i t e d i sk surfac e 
98. Th e rad i a l mov e m e nt d e t e ct e d by th e oppos i t e h e ad i s th e i nv e rs e of th e oth e r h e ad. 
This i nformat i on can b e us e d for wr i t e- pos i t i on corr e ction, or as a writ e e rror d e t e ction. 
Furth e r track c e ntering on on e h e ad wh i l e writing on anoth e r can b e p e rform e d act i v el y. 

25 

Furth e r, s e lf - s e rvowr i t i ng us i ng magn e to res i st i v e typ e transduc e r (MR) i nc l uding a 
writ e r ele m e nt and a r e ad e r e l e m e nt, i s mad e simp le r by th e pr e s e nt i nv e ntion b e caus e i t i s 
not n e c e ssary to comp e nsat e for th e r e ad e r ele m e nt offs e t from th e writ e r ele m e nt i n th e 
sam e h e ad 27. Th e d e d i cat e d r e ad s i gna l from a r e ad h e ad 27 is a r e lative r e f e r e nc e for 
30 radia l pos i t i on, and an abso l ut e r e f e r e nc e for t i m i ng b e caus e t i m i ng i s coh e r e nt from track to 
track. Posit i on u l t i mat el y d e p e nds on each h e ad's phys i ca l p l ac e m e nt ov e r th e 
correspond i ng d i sk surfac e . Th e d i sk surfac e prov i d e s a r e lativ e r e f e r e nc e in th e sam e way 
that a s e rvowr i t e r us e s an e xt e rnal r e ferenc e to e stab li sh tho rad i al l ocat i on of th e h e ads 27. 
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Th e offset d i fference botwoon tho f i na l product sorvo wodgos/spokos and tho roforonc e 
surface ne e d on l y b e comp e nsat e d for during th e r e f e r e nc e- ov e rwr i t e proc e ss. Onc e th e 
tracks ar e p l ac e d, th e transf e r fi e lds on tho refer e nc e surfac e are transf e rr e d to obta i n th e 
product s e rvo w e dg e s i n an abso l ute roforonc e to th e oth e r tracks. How e v e r, du e to th e 
5 r e ad e r/wr i t e r e l e m e nt offs e t i n a h e ad, if a track i s cop ie d from a n e w r e f e r e nc e track, th e 
track i s p l ac e d re l ativ e to th e wr i t e r ele m e nts l ocation which wou l d s li ght l y shift or offs e t th e 
track l ocation re l ativ e to th e r e st of th e cy l inders, th e r e by n e cess i tat i ng comp e nsat i on. This 
offs e t can b e r e concil e d dur i ng th e r e f e r e nc e surfac e ov e rwr i te proc e ss (r e proc e ss) with a 
g e ometry normal i zation tab le or a l gorithm which accounts for th e offs e t diff e r e nc e of 
10 abso l ut e track p l ac e m e nt du e to us e of th e new r e f e r e nc e surfac e and th e phys i ca l 

r e ad e r/wr i t e r ele m e nt offs e t d i ff e r e nc e of th e head 27. For an e xamp le track d e nsity sa i d 
offs e t can b e mor e than 10 tracks. 

I n anoth e r asp e ct, th e pr e s e nt i nvent i on prov i d e s a r e f e r e nc e d m e d i a trans l at i on s e lf - 
15 s e rvo wr i ting m e thod. Th e d i sk dr i v e ass e mb l y i nclud e s at le ast on e r e fer e nc e d i sk w i th a 
r e f e r e nc e surfac e hav i ng a r e f e r e nc e patt e rn i nc l ud i ng fundam e nta l t i m i ng ( e .g., c l ock 
fr e qu e ncy) and pos i t i on i nformat i on. I n a m e thod diff e r e nt from th e pr i nt e d m e d i a r e f e r e nc e 
disk abov e (F I G. 6), th e r e f e r e nc e patt e rn 72 i s wr i tt e n on th e surfac e 7 4 of th e r e f e r e nc e 
disk 76 e .g. us i ng a sp i n stand wr i t e r. Th e r e aft e r, th e m e d i a translation s el f - s e rvo wr i t i ng 
20 proc e ss us i ng RWW c i rcu i t 1 1 according to th e pr e s e nt inv e nt i on i s sim i lar to that for a 
print e d m e dia r e f e r e nc e d i sk d e scr i b e d abov e for i n r e lat i on to FIGS. 9A - B, 10A - C, 11,12, 
and th e r e for e is not r e p e at e d aga i n. 

Tho fr e qu e ncy of th e r e f e r e nc e patt e rn 72 i s a mult i p le of th e f i nal s e rvo patt e rn 
25 fr e qu e ncy to provide s e rvo patt e rn timing. Th e pos i t i on i nformat i on can b e provid e d using a 
standard mod i f ie d s e rvo/t i m i ng burst, or a tim e i nt e rva l patt e rn ( e .g., pr i nt e d m e d i a) d e cod e d 
as t i m i ng and pos i t i on i nformat i on. Th e t i m e int e rva l patt e rn provid e s pos i t i on informat i on 
using a phas e tracking m e thod rath e r than a burst amplitud e d e modu l at i on. A tim e int e rval 
patt e rn is typ i ca ll y us e d on pr i nt e d m e d i a (F I G. 6), but can also b e g e n e rat e d us i ng 
30 conv e ntiona l h e ad/med i a wr i t i ng m e thods. I n a t i m e i nt e rva l patt e rn, rad i a l pos i tion i s 
deriv e d by e quating a gap l ength to a radia l l ocation. Th e r e are two major fie l ds to a t i m e 
i nterva l patt e rn: a R e f e r e nco F i e l d and a Ch e vron F iel d. Tho Rof e ronco F ie ld i nc l ud e s s e r ie s 
of radia l ly coh e r e nt trans i tions that beg i n and ond in an e xact time period across th e rad i a l 
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stroke of tho trancduc o r 27 creat i ng a reference doma i n (o.g., tho f i rst doma i n, ' i nd o x' b e gins 
at Q(t) and ends at (t)+10 m i cro seconds r el ativ e to th e transduc e r 27 as i t mov e s i n any 
rad i a l dir e ct i on). Th e Chevron F i eld is a s e r ie s of angu l ar l y coh e r e nt tran si t i ons re l at i v e to 
th e R e f e r e nc e F i e l d, wh e r e th e b e g i nn i ng boundary i s offs e t i n d i stance from th e e nd i ng 
5 boundary of the Ref e r e nc e F iel d cr e ating an angu l ar gap b e tw ee n f ie lds across tho rad i a l 
strok e . Th e gap b e tw ee n th e first fi el d and th e s e cond f iel d i ncr e ases across th e d i sk i n a 
rad i al d i r e ct i on. Thus th e phas e of th e rang e of th e gap, d el ta(t), can b e r e so l v e d as rad i a l 
pos i t i on and track e d ele ctronica ll y, i . e . (t)max ■ (t)min ~ d el ta(t) ~ 360 d e gr ee s. 

10 An e xamp le r e proc e ss m e thod according to th e pr e s e nt invent i on, r e f e r e nc e d abov e , 

is now d e scr i b e d. Th e vp i cally a d i sk dr i v e 245 i s must b e r e proc e ss e d if i t contains s e rvo - 
wr i tt e n w i th a fau l ty s e rvo patt e rn.. Furth e r th e d i sk driv e must b e r e- s e rvo - wr i tt e n if th e d i sk 
dr i v e fail e d th e fina l t e st for margina l r e asons. R e proc e ss i ng i s p e rform e d wh e n a port i on of 
th e s e rvo patt e rn that was wr i tt e n that n ee ds to b e e ras e d b e for e a n e w s e rvo patt e rn can b e 

15 plac e d. Th e pr e s e nt i nv e nt i on prov i d e s a s e lf - r e proc e ss m e thod us i ng RWW mod e for s el f - 
r e proc e ss i ng, wh e r e in e .g. an e rror i n s el f - s e rvo wr i t e proc e ss r e qu i r e s e rasur e and r e- 
wr i ting of e rron e ous s e rvo patt e rns. A contro l l e d v el oc i ty r e ad sw ee p l ocat e s r e s i dual data 
on d i sk surfac e s 98 and i nd i cat e s wh e r e th e e rron e ous s e rvo patt e rns n ee d e d to b e e ras e d. 
I n on e cas e , th e MR r e ad e r of h e ad(s) 27 i s us e d to scan th e d i sk s urfac e 98 by p e rform i ng 

20 an e st i mat e d v el oc i ty sw ee p with th e r e ad e r e nabl e d. Onc e e rron e ous data is l ocat e d, th e 
amp li tud e of that s i gna l is us e d by th e s e rvo control le r 1 10 to e stab l ish a posit i on, and th e n 
that l ocat i on is e ras e d. 

Conv e nt i ona ll y r e ad i ng and wr i t i ng op e rat i ons ar e mutua ll y e xc l us i v e , and as such 
25 s e rvo contro l for r e process i s p e rform e d using one h e ad to find and assur e e rasure of tho 
d e s i r e d l ocat i on. — How e v e r, wh e n p e rform i ng h e ad to h e ad pos i t i on referencing, the offsets 
betw ee n d i ff e r e nt h e ads hav e to b e charact e riz e d and comp e nsated f i rst. Th e convent i ona l 
proc e ss i nclud e s l ocat i ng th e e rroneous s e rvo patt e rn w i th a first h e ad, sw i tch i ng to a 
second h e ad, s e rvo i ng, comp e nsat i ng and e rasing with that s e cond h e ad. A disadvantag e 
30 of th e conv e ntiona l m e thod i s that th e r e must b e s e rvo data pr e s e nt for an alt e rnat e h e ad 
that corr e sponds to the locat i on of int e r e st on th e surfac e to b e e rased in ord e r to prop e rly 
p l ac e th e e ras e h e ad. 
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R e f e rr i ng to th e e xamp le flow diagram i n FIG. 1 53 shows a flow chart for fef-self- 
reprocessing faulty servo patterns by the disk drive 24. A controlled velocity read sweep 
across the disk surfaces 52 locates erroneous servo patterns accord i ng to th e pr e s e nt 
inv e nt i on, th e start pos i t i on ( e .g., track) of th e ar e a ( e .g., o l d/ e rron e ous s e rvo pattern) to b e 
5 e ras e d is l ocat e d on at le ast a d i sk surfac e 98 (step 290). The servo processor 66 sends 
configuration information to the mode controller 90 that sets the preamplifier 88 circu i t 1 1 i s 
conf i gur e d by s e rvo processor 110, wh i ch transm i ts configurat i on i nformat i on to th e r e g i st e rs 
36 of tho c i rcuit 11, such that tho mod o contro l 41 p l ac e s tho c i rcu i t 1 1 in the_RWW mMode 
(step 292) . Then . wh e r ei n a selected transducer fa st-head 4227 i s s ele ct e d to reads 

10 r e s i dua l position information from the corresponding a 4ifst-disk surface 5298 to provide 
servo positioning e stab li sh transduc e r radia l pos i tion contro l (step 294) 7 while other 
transduce r at th e sam e t i m e on e or mor e heads 42 ar e s ele ct e d to a erase the servo patterns 
on the corresponding on e mor e disk surfaces 5293 in banck or stagger form (step 296§). 
Thereafter, the selected transducer head 42 erases the servo patterns on the 

15 corresponding data on f i rst disk surface 52 98 i s e ras e d us i ng th e f i rst h e ad (step 2986) and 
und e r contro l of th e s e rvo proc e ssor 110, then the transducer heads 42 are actuator moveds 
th e h e ad to the next track l ocation of th e ar e a to be erased (step 3002 87) . If this track is the 
last track to be erased (step 302) then the process terminates (step 304), otherwise the 
process returns to step 294, 

20 

The disk drive 24 can perform self-reprocessing using a single transducer r -aret 

r e p e ats th e abov e st e ps unt il al l tracks i n th e e ras e ar e a hav e b ee n proc e ss e d (st e p 298). 
I n e mbod i m e nts of th e h e ads 27 compr i s i ng s e parat e r e ad e r and wr i t e r ele m e nts ( e .g., an 
MR h e ad), th e s el f - r e proc e ss m e thod can b e uti li z e d w i thin th e sam e head 422 7 by reading 
25 the servo patterns with the MR reader 1 10 to provide servo positioning . wh e r ei n on e r e ad e r 
ele m e nt i n th e h e ad 27 is ut ili z e d to r e ad, while th e wr i t e ele m e nt in th e h e ad i s us e d to 
simultaneously writ ing with the writer 1 12 to erase the servo patterns using er 

I n th e e xampl e s el f - r e proc e ss using RWW m e thod, th e r e ad signal i s not d i sturb e d by 
30 wr i t i ng a constant curr e nt ( DC erase current that does not disturb the read signal} . The MR 
reader 1 1 0 is in front of the writer 1 1 2 so that the servo patterns are read before being 
erased. Th i s i s tru e e v e n whi le r e ad i ng and wr i t i ng on th e samo hoad. S e rvo and e ras e ar e 
a ll that i s n ee d e d. A ll data can b e e ras e d b e caus e r e ading can bo perform e d by a h e a^s 
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r e ad e r ele m e nt i n front of th e sam e h e ad's writ e r ele m e nt. Whore data must b e d e t e ct e d 
and e ras e d across on e or mor e disk surfac e s 98, th e n servo r e ad i ng can b e perform e d on 
on e h e ad wh ile bank e ras i ng ( e .g., e rasing a plura l ity of disk surfac e s) on other h e ads. 
Th e r e i s no n e od to sw i tch cont i nuous l y from wr i t i ng - to r e ad i ng and back aga i n, r e su l t i ng in a 
5 cons i d e rabl e t i m e sav i ng i n th e e ras e proc e ss (r e proc e ss). 

As such, i n on e e xamp le accord i ng to th e pr e s e nt i nv e nt i on, r e process i ng a disk driv e 

i s p e rform e d wh e n th e r e is a format fa il ur e . Th e fai l ur e can b e for many r e asons, but a ll or 
part of on e or mor e disk surfac e s 98 must b e e ras e d so that th e d i sk dr i v e can b e r e- wr i tt e n 

10 w i th n e w fina l s e rvo spok e s. Conv e nt i ona ll y, th e proc e ss of e ras i ng pr e v i ous l y wr i tt e n s e rvo 
spok e s is p e rform e d on a s e rvowrit e r wh e r e th e actuator 37 i s contro lle d us i ng an e xt e rna l 
pos i tion i ng sourc e . Wh e n s el f - s e rvowr i ting, th e e ras e proc e ss i s diff i cult b e caus e tracks ar e 
b ei ng e ras e d, and r e f e r e nc e s ar e disapp e aring w i th e ach e ras e . I t i s especia ll y difficu l t to 
e ras e using a ll h e ads v i a a conv e ntional pr e amp li f ie r. A RWW c i rcu i t 1 1 according to th e 

15 pr e s e nt i nv e nt i on a ll ows signa l s to b e r e ad on on e h e ad wh ile e rasing d i sk surfac e s on th e 
o sam e h e ad or on or mor e oth e r h e ads. Th e proc e ss of control li ng th e actuator l ocation 
us i ng RWW R e proc e ss i s s i mi l ar to contro ll ing th e actuator i n norma l dr i v e op e rations. W i th 
MR typ e h e ads wh e r e r e ad e r and wr i t e r transduc e rs ar e s e parat e , it i s cont e mplat e d to r e ad 
and e ras e ( e ras e ~ DC wr i t e ) on th e sam e h e ad. This mak e s th e r e proc e ss i ng proc e ss v e ry 

20 offic i ont. 



The preamplifier 88 provides the disk drive 24 with cost-efficient capability to perform 
self-servo writing, self-reprocessing, disk flapping negation while writing, track-centering 
while writing and calculating position error before transducer head switches. 

25 

- The preamplifier 88 circuit 11 can be implemented as an integrated circuit, ASIC or 

IGr-firmwareretG.T In addition to s el f - s e rvo wr i ting and r e process e xampl e s d e scrib e d h e r ei n, 
th e c i rcuit 1 1 can b e us e d for i mp l em e nting oth e r proc e ss e s and funct i ons w i th i n a data 
30 storag e dr i v e that can b e n e fit from the funct i ons provid e d by th e c i rcu i t 1 1 . Though in th e 
descript i on h e r ei n th e c i rcu i t 1 1 has b ee n d e signat e d as a pr e ampl i f ie r , the functions of the 
preamplifier 88 circuit 1 1 can be implemented in other components i n th e HDA 28, and/or 
the dr i v e ele ctron i cs 26 of the disk drive 24§. S i m il ar l y, th e contro lle r 34 and th e proc e ssor 
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110 can bo i mp le m e ntod as an ASIC, IC or oth e r l og i c c i rcu i t configur e d to perform th e 
functions/procossos d e scr i bed her e in. 

The configuration information can be sent from the disk controller 26 to the mode 
controller 90 in a variety of ways. For example, the servo processor 66 can send the 
configuration information from the ROM 62 to the interface register 92 via the serial interface 
70 and the clock/data line 1 14 with the read and write operations gated by the R/W select 
line 116. In another example, the servo processor 66 can send the configuration information 
as a serial word on the R/W select line 116. 

The channel 34 can be have its read circuitry independently selectable to be active or 
inactive during write operations, thereby providing independent operation of its read and 
write paths and supporting simultaneous read and write data streams. 

Prov i ding a disk drive with th e capab il ity to road and wr i t e data s i mu l tan e ous l y to 
d i ff e r e nt data storag e l ocat i ons accord i ng to th e pr e s e nt inv e ntion, i s advantag e ous from 
many p e rsp e ctiv e s, for e xamp l e t e st tim e r e duct i on. As d e ns i ty i ncr e as e s t e st t i m e a l so 
i ncr e as e s, n e c e ssitating th e introduction of m e thods that ar e more t i m e e ff i ci e nt. Th e R e ad - 
Wh i l e- Writ e (RWW) funct i ona li ty a ll ows n e w m e thods to b e us e d that wou l d r e duc e t e st tim e 
in t e st proc e ss st e ps by as much as 50%. I n anoth e r v e rs i on, th e disk dr i v e 25 can i nc l ud e 
mu l tipl e c i rcu i ts 1 1 , whoro i n the RWW function a l lows oach of tho mu l tiple of circu i ts 1 1 to 
p e rform s i multan e ous r e ad and wr i t e funct i ons. 

The present invention has been described in considerable detail with reference to 
certain preferred versions thereof^ however T other versions are possible. .Therefore, the 
spirit and scope of the appended claims should not be limited to the description of the 
preferred versions contained herein. 
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Abstract 

A dat a transfer dr i ver for a disk drive includes ifig-recording media having one or 
more recording surfaces, one or more data-transducer heads positionable relative to the 
recording surfaces by an h e ad pos i t i on actuator structur e operating within a head position 
5 servo loop , and a data transfer driver . A Th o data transf e r driver i nc l ud e s a preamplifier in 
the data transfer driver includes having: a contro l i nt e rfac e for r e c ei ving conf i gurat i on 
i nformat i on to s e l e ct i v e ly transf e r data to and from r e cording surfac e s; one or more head 
interfaces, each head interface ele ctr i ca ll y connectod to a transduc e r h e ad for controlling 
athe transducer head for data-read and/of write operations^ and a mode controller 

10 ele ctr i ca ll y conn e ct e d to th e contro l i nt e rface and to e ach h e ad int e rfac e , for controlling the 
op e ration of each head interface based on the-configuration information for selectively^ (i) 
readwriting data fromte at least one recording surface, (ii) writfeading data tofrem at least 
one recording surface, and (Mi) simultaneously reading data (such as a reference pattern) 
from at least one recording surface and writing data (such as servo patterns) to at least one 

15 recording surface. Th e pr e amp l if ie r can b e us e d for s el f - s e rvo wr i t i ng a d i sk dr i v e by 
transf e rr i ng a s e rvo r e f e r e nc e patt e rn onto a r e cord i ng surfac e of a r e f e r e nc e d i sk, wh e r e 
th e r e f e r e nc e patt e rn includ e s s e rvo c l ock i nformat i on prov i ding transduc e r h e ad 
circumf e r e nt i a l r e lat i v e position informat i on, and s e rvo pos i t i on i nformat i on prov i d i ng 
transduc e r h e ad rad i a l r e lativ e pos i t i on i nformat i on. Th e d i sk driv e i s ass e mb l ed by insta lli ng 

20 th e r e f e r e nc e d i sk and on e or mor e data d i sks i nto th e d i sk dr i v e and e nc l osing th e disks 
and data transduc e rs with i n a hous i ng. Th e s el f - s e rvo wr i ting proc e ss i nc l ud e s th e st e ps of 
r e ading th e r e f e r e nc e patt e rn from th e r e f e r e nc e d i sk v i a a h e ad and using th e r e ad s e rvo 
c l ock and th e s e rvo pos i t i on i nformation to pr e cis el y pos i t i on and mainta i n on e or mor e 
h e ads at conc e ntr i c track l ocat i ons of on e or mor e d i sk r e cording surfac e s wh ile wr i ting f i na l 

25 sorvo patt e rns onto th e r e cord i ng surfac e s at th e conc e ntr i c track l ocat i ons i n accordanc e 
w i th s e rvo patt e rn f e atur e s. 
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